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ABSTRACT 


The Kakisa River, southern Mackenzie District, North- 
west Territories, forms part of the common boundary between 
Clethrionomys gapperi and C. rutilus in northwestern North 
America. There is no discontinuity in the mosaic of com- 
munity types at the river, nor are there differences in 
the known ecological requirements of the two species. Be- 
cause individuals of each species are occasionally trapped 
on the side of the river occupied by the other species, the 
river does not represent a complete barrier, but probably 
acts as a filter which prevents mass crossing. 

Censuses on a pair of 2 ha grids revealed that C. 
gapperi were consistently more numerous than C. rutilus 
but seasonal and annual changes in numbers were the same 
in both species. Mean Intercapture Distance was somewhat 
greater for C. gapperi, but the difference was not signifi- 
Cavin. 

Observations of inter- and intraspecific behavior in 
semi-natural enclosures revealed that both length of time 
active and distances moved during each 8-hour observation 
period were greater for C. gapperi than C,rutilus. Yet the 
rate of occurrence of each species in the range of the 
other (2-3%) was the same for both. A partial explanation 
may reside in the observation that C. gapperi was less 


active in interspecific than in species-true trials, where- 
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as the activity of C. rutilus increased in interspecific 
trials. 

Four aggressive acts (approach, attack, chase, scent- 
mark) were subjected to discriminant functions analysis and 
an index of aggression derived by multiplying the observed 
frequency of each act by the appropriate discriminant func- 
tion and summing the resultant figures. Indices of aggres- 
sion were significantly higher for C. gapperi than for C. 
igoheshnbecy vel intraspecific encounters, but the indices did 
not differ significantly in interspecific encounters. C. 
rutcilus Was dominant (to, C. gapperi) in) 9) of 13 interactions; 
no dominance could be determined in the remaining 11 inter- 
actions. Aggression did not appear to be important in 
either inter- or intraspecific encounters; mutual avoidance 
was the most common response, 

Observation of copulatory behavior indicated that male 
voles were indiscriminate in their mating, although none of 
the copulations observed produced offspring. Reproductive 
isolation appears to be reasonably well develped as 7/7 cross- 
breeding trials yielded only one hybrid litter; however, 
Sspecies-true breeding trials were less than 50% swceessful. 

While these species are similar morphologically and 
physiologically species integrity seems to be upheld. In 
Sympatry, these species would be in strong competition, yet 
neither seems to have a competitive advantage over the other. 


Thus the parapatric relationship at the Kakisa River appears 


to be maintained by mutual exclusion. 
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line) and C. rutilus (dotted line) 
according to time of year when ob- 
Servot) ONS Weleecongict ed fie. cisisiclsiss sis 


Mean distance moved in metres per 15- 
minute period for C. gapperi (solid 
line) and C. rutilus (dotted line) 
according to time of year when 
ODSErnvall ons wees conducted J iii. ctsiciciwiale 


saris kak 


PAGE 


120 


22 


cr: of : . 
E . | 
. aan 
Pe on 
f _ a | ¢ 
- rx ’ i - —s P 
2 dad | | - 7 x 
~~ + oy bs 
os ss Sal - 
os | ; 


Ost 
ssi 


PLATE 


LIST OF PLATES 


PAGE 
General view of the experimental pens 
BNUsOUSELVALLONMCOWCL «icles ele cis cic ee sais sc e's 24 
View of the observation tower and run- 
wayss ito ihowipositioning of mirrors? oe. 24 
View of pen A from the observation 
tower eeoeaeeeeeeeeeeeseeeeeneeeeeeeeeeeoeeeee & 25 
View of pen D from the observation 
tower @eeee2seoseeesoeseeee*eeeeoeeeoesvseeeeeseenseeeeeeeeee 25 


XiV 


oxy ie 
sia <s2 Setar ; Salbrc hs os 


- 


+ 


INTRODUCTION 


(1) The General Problem 

Clethrionomys gapperi and C. rutilus are two closely 
related species of red-backed vole which, while possessing 
large geographic ranges, have apparently retained a dis- 
tinct Separation at a common boundary. The slight differ- 
ence in morphological and anatomical features of the two 
Species, and overlap displayed in their serum proteins 
(Canham and Cameron 1972), suggest a common origin, prob- 
ably in Eurasia, prior to the Wisconsin or Illinoian gla- 
cial period (Holland 1958). The two populations of 
Clethrionomys must have been separated by more than 2,000 
miles during the Wisconsin glacial maxima at 35,000 and 
25,000 years B.P., according to the probable extent of 
continental ice sheets (Hopkins 1967), although it is 
impossible to say whether they were fully speciated by 
then. Following the decline from the last glacial maxi- 
mum, and the ee of an ice-free corridor be- 
tween Alaska and central North America around 12,000 to 
10,000 years ago (Hopkins ibid), the two species extended 
their geographic ranges (Macpherson 1965) until they came 
into contact along a line from Great Slave Lake to the 


Pacific Ocean (Banfield 1974). 
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In both Eurasia (Ognev 1950) and northwestern North 
Seeica (mee and Hall 1956, Manning 1956), C. rutilus has 
been recorded throughout tundra and boreal forest. Mar- 
tell (1975) suggested that tundra constitutes suboptimal 
habrtat wisoy thatwCcmrutmluskcanybervegardedyasypramanily 
a forest species which has secondarily exploited tundra 
habitats. C. gapperi on the other hand, 1s a more strictly 
boreal forest species. It is not found far beyond the 
tree-line in the Ungava Peninsula, in spite of the ab- 
sence of any definite barrier (Banfield 1956), while near 
Chunchi lUManitobaymitsi svonly found gin ithestundravin 
periods of high numbers (Smith and Foster 1957). Thus it 
seems that C. rutilus has not expanded to the theoretical 
southern extent of its range when C. gapperi is present, 
and C. gapperi has not reached its potential northern limit 
an) theypresence of CC. rutilus. Instead, a conterminous 
boundary has been established between the species from 
Hudson Bay to the Pacific Ocean (except where separated by 
Great Slave Lake), and a situation of parapatry now appears 
to exist. . 

Instances of parapatry between species are relatively 
rare, Since they generally represent but a brief period 
between allopatry and sympatry. In his description of the 
process of speciation in more than 70 species of New 
Guinea montane birds, Diamond (1973) characterized eight 


stages, of which the parapatric condition is but one. 
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Pnsthe Epopical situation, with its multiplicity of 
Species representing many different stages in the speci- 
ation process, parapatry iS more easily envisaged than in 
the boreal forest where there are few species of cricetid 
rodents with which to make comparisons. Dobzhansky and 
Spassky (1959) observed the process of species formation 
eethé superspecies Drosophila paulistorum, although it 
is acknowledged that such events are relatively rare, 
Since the critical stages of the speciation process are 
probably passed rather rapidly. Cognizant of this problem, 
then, I will now consider the particular situation of 


parapatry in Clethrionomys at tive Kakisa River. 


(2) The Situation at the Kakisa River 

Little is known of the exact demarcation of the range 
of each species; traditionally, there has been no overlap 
acknowledged (Hall and Kelson 1959). Common boundaries 
have been known to exist for at least 30 years in northern 
British Columbia (Rand 1944) and 16 years at the Kakisa 
River (Fuller 1969). In the former area, Canham-and Cameron 
(1972) suggested that marginal montane habitat has kept the 
Species apart. Although Fuller (ibid) cited four instances 
of Cl rutilus occurring on the {wrong” side of the Kakisa 
river, there is no evidence of hybridization at this boun- 
dary. Discovery of animals displaying intergradation of 
morphological features in the vicinity of Churchill, Mani- 


toba, however, suggests hybridization there (Smith and 


Ri 


fo ysinkiaidiom edt d3iw .aokseuste diesem ke 
sigaqe edd ai. aspste thexe22ib “yaar yaisngesigs: seioega 
ak nett bopseivas yiiées stom ei .yiveqsisg yessoong oases 
Bisoixo 3o askboqa wat Sis szsd¢ otorw teex03 apasemainad 
bas Yfensdsdod ‘.anceiisqmoo edem ot soidw d3itw ‘edasbor 
meb¥enne? esivece to aess01q oft Seviesde, (eset) ysteeage 
tf dpwotitis. umzosetiveg slidqgeord seiseqezeque acig at 
(Stet yisvissliet sis esnove dove teds bepbslwonias ef 

Sis seev0rg moissiosqe edt To. aspsis ispisiio sade eomte 
wmpidoxq eins to Snssimpod .yibiqs:i sedist beeesq yidsdoug 
to noisgsusie xslunitisq odd 1sbienoo wom fILiw I .aemy 
19vVit seicen ost ts eymonotydsefo mi yissqemsg 


revi setisi oft 35 10 ($) 


spasi sdt to solsso1smeb: tosxe ofit to pant at elttid 
qsixvevo.on ased esd steds ,yiisnotstbs1s ;eetoege dose to 
seizsbaved aommcdD .(€8@L noalex bas [isH) bepbefwomfos 
oietition ak exrsey O€ tessl 35 cea hc os awondt ased oved 
setitex ont $5 ers8y OL bas (Sper bass} sidausiod daisis 
moxrsmso bas: mesg 18928 xomxo2 edt al (09et sol tua) tovia 
ods - tqox es tad idalt enmedcom {sniprsm ite beseepous (ST¥@L) 
eeoassent xyo0t bests { bedi) a a souodtis .d15q8 ae 
setisi oft to ebie. "pnoxw" oat ao ertathgeo sult soe 2) to 
~nyod aids 35 notdssibindt xo. sonebive on ak oxeld sovix 
0 noltebsupresnt eniysiqe ib ‘efemins to visvosaid wast 
~insit Lbedoxud to Yininiy oft ai eowdeot Leotpotodqzom 
fas déime) axed noktesib bude. edooppue ,tevewod alse 


: - - r 
: :. a 
- - | 
i : a : 


Foster 957%). 

The Kakisa River, with an average width of about 100 m 
does not represent a sufficient barrier to movement of 
voles, since at some time in the past C. rutilus crossed 
the more expansive Mackenzie River and now occurs on most 
of the islands near Fort Providence, Northwest Territories, 
Crossings of open bodies of water, from 8 to 233 m wide, 
has been achieved by Peromyscus leucopus (Sheppe 1965) and 
inter-island migrations have also been demonstrated by 
Microtus pennsylvanicus in Newfoundland, over distances 
ranging from 60 to 750 m (Pruitt and Riewe, reported in 
Crowell 1973). The Kakisa River is frozen over for at 
least 4 months of the year, which would facilitate tra- 
versing the river in winter. Crowell (ibid) noted, however, 
that C. gapperi and P. maniculatus tended to exhibit con- 
Siderably lower dispersive abilities than M. pennsylvani- 
cus, and that C. gapperi required larger founder populations 
than P. maniculatus to become established on islands. 

The presence of a bridge carrying the Mackenzie High- 
way across the Kakisa River for the last 16 eet could 
also affect movement of either species into the range of 
the other. Buckner (1957) has shown that roadways up to 
20 m wide did not hinder movement of C. gapperi. During 
the winter of 1974-5, P. maniculatus crossed the Mackenzie 
Highway in the vicinity of Heart Lake several times during 


the same night (pers. obs.). That same winter, a live 
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masked shrew (Sorex cinereus) was apprehended by a dog 
halfway across the frozen surface of the Hay River, North- 
west Territories, a river which is a least twice as wide 

as the Kakisa (Rick Geddes, pers. comm.). However, Oxley 
eta Ue Lo a toundathoatec se gapperigd1denotecrosssany .Or 
the roads. they studied, which varied in width from 1l to 
137 m, and they suggested that highways with clearances 

of 90 m or more were as effective barriers to the dispersal 
of small forest mammals as bodies of fresh water twice as 
wide. Cameron (1962) also demonstrated that an artificial 
land-bridge 25 m wide and 1.6 km long was insufficient to 
induce emigration of mammals from mainland Nova Scotia to 
Cape Breton Island. In spite of the limitations on move- 
ment imposed by physical obstructions, dispersing voles 

are capable of covering considerable distances through 
unfamiliar terrain (Watts 1970a, Hilborn and Krebs 1976). 
Thus it seems likely that the Kakisa River acts as a filter 
rather than a barrier to movement of Clethrionomys. 

Most studies of sympatric species have indicated that 
separation is maintained by some form of resource allo- 
cation (Vaughan 1974), although mechanisms involved differ 
among different species. Interspecific aggression is held 
responsible by various authors for maintenance of separ- 
ation between many species of small mammals, such as Sig- 
modon fulviventer and S. hispidus (Petersen 1973), five 


species of Microtus (Colvin 1973), M. pennsylvanicus and 
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Dicrostonyx groenlandicus (Banks and Fox 1968), Peromyscus 


Species and Mus musculus (King 1957, Caldwell and Gentry 
1965, Sheppe 1967), Thomomys bottae and T. talpoides 
(Baker 1974), and four species of Eutamias (Heller 1971). 
Closer examination of competitive situations has 
shown that so-called sympatric species tend to exhibit 
habitat segregation and mutual avoidance rather than dir- 
ect conflict, as for example Eutamias dorsalis and E. um- 
brinus (Brown 1971), M. pennsylvanicus and M. montanus 
(Murie 1971) and M. pennsylvanicus and C. gapperi (Morris 
1969, Grant 1970a, Morris and Grant 1972, Grant 1972). The 
relative importance of these two forces in shaping the 
distribution of species is not always easily assessed, as 
interspecific aggression often leads to habitat segregation 
and, conversely, habitat segregation tends to reduce com- 
petitive interactions (Koplin and Hoffman 1968). The 
absence of one species from a particular habitat in which 
it normally occurs, however, often permits spread of 
another species into that area, as suggested with M. pen- 
ee arses and C. gapperi (Clough 1964, Morris 1969). 
A similar process of mutual avoidance could well be the 
basis for a separation of the two species of Clethrionomys 
at the Kakisa River. With more distantly related species 
occupying the same habitat, segregation has often been 
achieved on the basis of different food requirements or 


different times of activity, or both (Vaughan 1974, Andrze- 
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jewski and Olszewski 1963). 

Several studies have already been conducted on cer- 
tain ecological aspects of C. gapperi and C. rutilus in 
the gouthern Mackenzie area, which indicate their close 
phylogenetic relations. Population fluctuations and re- 
productive strategies of the two species have been shown 
to be essentially the same, and no obvious habitat differ- 
ences which might explain separation can be ascribed to 
either side Of the Kakisa River, (Fuller 1969). Frequently, 
the boundary between two species coincides with a sharp 
habitat change, so that the competitive advantage of 
either species in its habitat is lost when in the habitat 
of the other. Thus, a narrow zone of overlap with a cer- 
tain amount of interspecific aggression may become estab-— 
lished, as in Eutamias dorsalis and E. umbrinus (Brown 
1971). Clethrionomys species differ markedly from P. 
maniculatus in dietary preferences, but no difference has 
been shown between C. gapperi and C. rutilus (Dyke 1971). 
While there is a broad spectrum of serum proteins common 
to both species (Canham and Cameron 1972), considerable 
differences in levels of activity have been observed 
(Murie and Dickinson 1973, Stebbins 1972, Friesen 1972). 
Thus it would seem that if an isolating mechanism is at 
work, it may be achieved by some form of behavioral dif- 
ference. If the species have only reached the common 


boundary in relatively recent times, however, behavioral 
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differences would not be well developed and one would 
expect them to be slight and subtle. 

Another aspect of closely related species occurring 
in sympatry is the low level of cross-breeding. In clas- 
Sical terms, a species was defined on the basis of the 
ability to interbreed and produce viable offspring, which 
in turn were capable of breeding (Mayr 1963). Such a cut- 
and dried definition of species has been found inadequate 
(Dobzhansky 1972), since cross-—breeding has been achieved 
in the laboratory with species of Drosophila (Sturtevant 
and Dobzhansky 1936, Miller 1939 and 1941, Patterson 1954) 
and some of these hybrid crosses have proved fertile 
(Miller 1941, Patterson ibid.). More recently, hybridiz- 
ation between species of Drosophila has been observed in 
theywilds( Carson seteal. 61975). In’ a population comprising 
two closely related species in an area of sympatry, 2% of 
the naturally occurring individuals were hybrids yet, 
despite hybridization, the essential integrity of each 
separate gene pool appears to be maintained. 

Cross~breeding has also been induced in several 
species of small mammals in the laboratory, including 
Species of Peromyscus (Dice 1937, Clark 1966, Bradshaw 
1968), Microtus (Hatfield 1935, Pokrovskii et al. 1970), 
and Clethrionomys (Spannhof 1960, Rauschert 1963, Zimmer- 
mann 1965, Grant 1974). Prior to this study, only one 


instance has been reported of cross-breeding in Clethrion- 
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omys gapperi and C. rutilus in captivity (Fuller, pers. 
comm. ). However, cross-breeding under laboratory con- 
ditions does not constitute proof for cross-breeding in 

the field. Even when cross-—breeding is achieved, reduc 
tion in reproductive success often occurs, usually in 

terms of litter size, hybrid Spies Sy or relative fer- 
tility of hybrids, factors which would all favor selec- 
tion against hybridization in nature. Reduced reproduc-— 
tive success has even been shown in certain subspecies of 
small mammals, notably in island subspecies of C. glareolus 
(Godfrey 1958), and total reproductive isolation has been 
observed in subspecies of Mus musculus (Hunt and Selander 
1973). Thus, if reproductive success is so affected at 

the subspecific level, one would expect that it is affected 
even more between most species. 

Furthermore, in apparent contradiction to the Gausean 
Principle, closely related species of Drosophila have been 
shown to coexist, albeit at lower population densities 
than each species on its own (nee 3 1972). Richmond and 
Dobzhansky (1976) have also shown that ethological iso- 
lation among the semispecies of D. paulistorum is strong 
enough that two or three semispecies are able to coexist 
sympatrically in many localities. Thus much of the iso- 
lation between closely related species is generally achieved 
by prezygotic ethological processes and, should this fail, 


by reduced reproductive success, i.e. postzygotic processes. 
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Since the production of less fit cross-bred individuals 

is wasteful both genetically and energetically, it would 
seem that evolution of differences in behavior would tend 
to be favored in areas where Similar species have recently 
come into contact. 

It is a truism that, apart from "chance" introduc-— 
tions e.g. floating across on a log, only dispersing voles 
would cross the Kakisa River. Howard (1960) suggested 
that there is a strong innate predisposition for some indi- 
viduals to disperse, and it has also been suggested that 
dispersal has a genetic basis (Chitty 1967, Myers and 
Rrebe 147 Va krebo set dla /5 and 19/6, Hilborn 1975), 
although conclusive evidence of such a connection has yet 
to be shown. Christian (1970) proposed that there is a 
direct link between aggressive behavior and dispersal, 
especially in Microtus species, and while some work sup- 
ports this notion (Healey 1967), other workers have pre- 
sented data to the contrary (Krebs et al. 1973, Rose and 
Gaines 1976). Thus it is not easy to predict the relative 
success of individuals of each Species in colonizing the 
opposite bank based on differing levels of aggression, 
which has been shown between the two species (Murie and 
Dickinson Log se 

The role of dispersal in regulating ropulation den- 
sity (Lidicker 1962 and 1973) and in occupation of depopu- 


lated areas (Van Vleck 1968) is generally accepted, al- 
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though how such roles would affect the dispersal of indi- 
viduals from a peak population into an area already occu- 
pied by a closely related species in the same phase of 
population is difficult to envisage. Furthermore, migrant 
Clethrionomys have been found to be qualitatively poorer 
than settled individuals (Kozakieéwicz 1976), which sug- 
gests that migrants may be less fit to deal with the 
competitive Situation awaiting them on the other side of 
the river. Thus while dispersal doubtless plays an im- 
portant role inpehe Kakisa River situation, the nature of 
the dispersers would affect the ability to colonize the 
range of the other species. 

Having acknowledged the relatively poor dispersive 
abilities of Clethrionomys (Grant 1970b, Crowell 1973), it 
is still possible that ama TT breeding colonies of either 
or both species have already become established on the 
opposite side of the river. Thus the question is raised 
as to whether the rate of flow of individuals across the 
river could be sufficient to establish and sustain a 
beach-head, as has been suggested for Microtus and 
Clethrionomys in aspen parkland (Morris 1969), or whether 
the rate of extinction is too great for such colonization 
POrOCCULt. 

From the foregoing considerations, then, and in 
acknowledgement of the fact that very little work has been 


conducted on these two species at the boundary formed by 
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the Kakisa River, I embarked upon the present study. The 


hypotheses I set out to investigate were: 


Main Hypothesis 


That the Kakisa River acts as a filter to the move=- 
ment of the two species of Clethrionomys; and that be- 
havioral interactions are involved in the maintenance of 


Spatial segregation of these species. 


Sub-hypotheses 


(1) That individuals of each species can and do cross 
the Kakisa River to invade the range of the other Species, 
and that the majority of such crossings are accomplished 


during the winter. 


(2) That reproductive isolation is sufficiently well 
developed to prevent hybridization of the two species in 


this area of potential sympatry. 


(3) That if the levels of activity differ markedly in 
the two species, the migration of the more active species 
across the river would tend to occur more frequently than 


that of the less active species. 


(4) That specific behavior patterns of each species 
are modified by the presence of the other species, so that 
aggresSive interactions between the two species are re- 


Guced and mutual exclusion is achieved, 
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METHODS 


The main study was carried out at the Kakisa River, 
Northwest Territories feos 59'N, 117° 16'W), where a 
common boundary between Clethrionomys gapperi and C. ruti- 


lus ets LoundaC rigs.» leande:) ss inereswere several differ— 


ent aspects to the research, as follows: 


(1) Live-Trap Plots 

Two square grids of 1.8 ha each were established either 
side of the Kakisa River (Fig. 3) in heterogeneous habitat, 
comprising black spruce (Picea Mariana), white spruce (Picea 
glauca), tamarack (Larix laricina) and muskeg. Trap loca- 
tions were marked out by means of numbered stakes, 15 m apart 
in the form of a ten-by-ten grid, and traps were located with- 
in 2 m of the stakes. This permitted traps to be located in 
areas where vole activity would be most likely, e.g. next to 
or underneath fallen logs, in runways in the moss, etc., r 
rather than in exposed areas where voles would rarely be 
found. The types of traps used were mainly Longworth's and 
some Sherman 22 x 10 x 8 cm traps for the first two summers, 
but by the third summer, only Longworth's were used. 

The trapping schedule was as follows: traps were 
provided with sunflower seeds, a chunk of standard labora- 


tory mouse chow and terylene nesting material, and were 
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Map of North America showing distribution 
of Clethrionomys gapperi and C. rutilus. 


Figure l.. 


Inset is shown in more detail in Figure 2. 
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PrOULecHe Map of inset from Fig. 1 showing the boun- 


dary of the two species at the Kakisa River, 


N.W.T. and the location of main study site. 
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Figure 3. Map showing the location of live-trap plots 


and behavior pens at the Kakisa River. 
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laid out at each location during late afternoon of the 

day preceding the first trap round. No pre-baiting was 
carried out. Trap-rounds were made at 0600 hr and 1800 hr 
every day for 4 days, traps being closed during the 1800 
hr round of the fourth day and gathered in on the following 
day. During the summer of 57 psa such sessions were 
carried out between mid-May and early September; in 1974 
and 1975, three sessions were carried out and in 1976 only 
one trap session in mid-June was implemented. 

Each animal captured was marked by toe-clipping and 
weighed to the nearest 0.5 g by means of a spring balance; 
lengths of body (snout-vent), tart anc sriontenind "toot 
were measured; the reproductive status of the individual 
was assessed by external examination and the trap location 


was noted. 


(2) Behavior Experiments 
Observations were made on behavior of Clethrionomys 


gapperi and C. rutilus in the field, at their common 
boundary. Fuller (1969) provided a detailed description 
of the location and habitat of this area. The behavior 
experiments were conducted in large seminatural pens, 
providing conditions somewhat between those of small open- 
field arenas commonly employed by workers interested in 
aggressive encounters among small mammals (Clarke. 1956, 
Johst 1967, Murie 1971, Turner and Iverson 1973) and field 


enclosures used to study dynamics of small mammal popu- 
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lations in a portion of their natural habitat (Caldwell 
and Gentry 1965, Koplin and Hoffmann 1968, Krebs, Keller 
and Tamarin 1969, Grant 1969 and 1971, Morris and Grant 
1972, Herman 1975). My pens, with their floor covering 
of moss and fallen logs, provided a far more diversified 
terrain than arenas and, being BREE ET larger, en- 
abled stressful situations to be reduced or even avoided 
by the interacting voles. Observations were also carried 
out over a much longer period of time than that employed 
in arena studies, so that a more normal level of activity 


and repertoire of behavior patterns could be observed. 


(a) The Pens 

Experimental pens were constructed in an area of 
mature jack-pine next to the Kakisa River (Figs. 2 and 3, 
Plates 1 and 2) and consisted of two pairs of 2.4 m by 
2.4 m enclosures connected by a 4.8 m runway (Fig. 4). 
Walls 0.6 m high were made from sections of sheet galvan- 
ised steel screwed together and cemented at the base. Pen 
floors were scraped clear of moss and wire mesh was laid 
down, to prevent voles from digging their way out, then the 
moss was replaced. Several fallen logs were added, to 
recreate the forest floor conditions as far as possible, 
and then a wooden nest box, feeding hopper and water bottle 
were added to each pen (Plates 3 and 4). The runway floors 
were made of plywood. A wooden observation tower, 1.5 m 


by 1.5 m by 1.0 m, located midway between the pens and to 
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Figure 4. Layout of the behavior pens. 
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Plate 1. General view of the experimental pens and obser- 
vation tower. 


late 2. View of the observation tower and runways to show 
positioning of mirrors. 
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Plate 3. View of pen A from the observation tower. Note 
the inclusion of logs, nest-—box, feeder and water- 
bottle. 


Plate 4. View of pen D from the observation tower. Note 


the wire-mesh floor bared of moss by vole activity 
(also pen A, above). 
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one Side of the runways and standing 1.3 m above ground 
level, provided shelter for the observer and minimised 
disturbance of the voles by the observer. Large windows 
on three sides of the observation tower provided good 
visibility of at least 80 percent of each pen area, the 
nearside walls preventing a complete view of the pen area 
(Plates 3 and 4). Two mirrors, 1.8 m by 0.4 m each, were 
positioned at 45° in front of the observation tower and 
2.5 m above the runways, so that movement of voles between 
the pens could Payenens 


(b) The Experimental Animals 


Voles were captured from May through August, 1973 to 
1974, using Perera traps baited in the same manner as 
for the live-trap plots. Most trapping was carried out 
within 0.5 km of the river and in most cases at least 1.0 
km away from the live-trap plots, so that no marked ani- 
mals would turn up among wild-caught individuals. A de- 
cline in populations in 1975 necessitated trapping of voles 
from further afield for use in the behavior observations, 
from Fort Providence to the northwest (60 km) and Heart 
Lake Biological Station to the southeast (40 km). Some 
animals were also trapped in the camp, but no marked indi- 
viduals were ever taken. Only voles caught near the boun- 
dary were used in interspecific trials, whereas voles from 
either source were used in intraspecific trials. 


Wild-caught voles were brought to the Kakisa camp, 
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weighed, measured and toe-clipped, and their reproductive 
status was assessed by external examination. In most 
cases, only Sexually mature animals that weighed at least 
20 g were used in behavior trials, although shortage of 
animals during the summer of 1975 meant that a few under- 
weight individuals were used. Male voles were housed 
individually in shoebox cages (28 x 18 x 13 cm), females 
in rat-size cages (45 x 20 x 13 cm), and both were offered 
standard laboratory mouse chow and water ad libitum. The 
cages were maintained in an outdoor shelter under the 
normal regime of temperature and daylight. Most animals 


were caged for 1 to 4 weeks prior to use in the pens. 


(c) Observations 

During the summer of 1973 several preliminary trials 
were conducted to see how "mouse-proof" the pens were, and 
to formulate a system of recording the observed behavior. 
To determine optimum time for observing vole activity, a 
4-day set of observations was carried out, using Clethrion- 
omys gapperi in the left-hand pens and C. rutilus in the 
right-hand pens, male versus male and female versus female. 
In this trial, the runway doors were kept closed, and be- 
havior was recorded by means of a shorthand notation of 
activity. 

On the basis of preliminary trials, and findings of 
other workers (Stebbins 1972, Friesen 1972), it is 


Clear that both species of Clethrionomys exhibit peaks of 
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activity around dawn and dusk. Thus to obtain maximum 
activity while limiting observations to periods with suf- 
ficient daylight, each trial was conducted over two 4- 
hour periods, srrom.l/00 to 2100 hr am theseycning and. from 
0600 to 1000 hr the following morning. Observations were 
made using groups of three animals per trial, six trials 
of each of the four possible combinations of voles being 
Care lcds Ota Oren LOS (30C a dappetl sacm Chappel lew GC. 
BUG BUS si eC OoDpe? heer Ut dS a C l as US.) oem Or 
females, only two of the possible combinations were used, 
ert hor je C dapper isor SC eruta lus. gs lneideci si one Onuse 
combinations of three animals per trial instead of two 
was made when it was noted that pairs of animals rarely 
ever interacted. 

A number of trials Pen aateG during the summer of 
1974 used voles from earlier trials, animals being placed 
in triplets according to their previous experience, i.e. 
three animals with two previous trials, three animals with 
three previous trials, etc. These trials were soon dis- 
continued since the effect of previous experience (Russel 
and Williams 1973) in the pens on behavior of voles was 
noticeable in subsequent encounters. Accordingly, data 
are only used from animals which had no previous pen ex- 
perience, such that details of initial reactions of indi-~ 
viduals to each other, establishment of heirarchies and 


differences between species in these respects could be 
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ascertained. 

Triplets of voles used in each trial were composed of 
Similar weight animals as much as possible, to reduce 
effect of body weight on dominance of individuals (Grant 
1970a). About an hour before commencement of each trial, 
voles were weighed and marked for identification by 
clipping fur on the back of each. The animals were intro- 
duced to the runway at the centre, one at a time, and each 
one allowed to enter either pen before the next one was 
introduced. Once all three voles were in the pens, obser- 
vations from the tower were commenced, recorded by means 
of a cassette tape recorder and transcribed at a later 
date. Details of location, minutes active, type of ac- 
DEVviltyiandwoescraptiongotethesinteractions were recorded 
for BAchpanimal .omBylueings thesrecords of locations of 
individual voles in conjunction with a scale map of the 
pens, it was possible to calculate distance covered by 
each animal accurately. At the end of each behavior 
trial, voles were removed from the pens and returned to 
their cages. Between trials, nest boxes were washed out 
and new terylene nesting material was added, to reduce 
the known effect of the odor of other animals on behavior 
(Whittier and McReynolds 1965, Archer 1968, Jones and 
Nowell 1973a). 

Two sets of breeding behavior trials were also con- 


ducted during the summer of 1974, to determine if there 
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was evidence for reproductive incompatability. In each 
trial, pen doors were See. two fecund females of each 
species were introduced into the pens and the process of 
settling down was observed from the time of introduction 
at 1700 to 2100 hr and again the following morning from 
O600RTO eLOOOEn TT wUstiprror sbCosintroduction nesting 
material from the cage of each female was placed in the 
nest box of each female's pen. Twenty-four hours later, 
a male vole was introduced into each pen, such that there 
was a cross-specific and a species-true pair of each 
possible configuration. Subsequent behavior was recorded 
from 1700 to 2100 hr and from 0660 to 1000 hr the next 
day. Voles were then removed from the pens and returned 
to their own cages, and females were checked regularly to 
see if observed copulations resulted in pregnancies. 

A thermohygrograph was in operation continuously 
during the three summers, a maximum-minimum thermometer 
was read daily and a general note of the prevailing weather 
conditions before, during and after each observation period 


was made (cloud description, wind strength and direction). 


(3) Breeding Experiments 


The first cross-—breeding experiments were conducted 
from January until April, 1974, at the Department of Zoology 
of the University of Alberta in Edmonton. A small number 
of C. gapperi from Heart Lake Biological Station, Northwest 


Territories, and Ministik Lake, Alberta (50 km southeast of 
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Edmonton) and some C. rutilus from near the Kakisa River, 
Northwest Territories, and Inuvik, Northwest Territories, 
were used in trials of species-true and cross-specific 
breeding. The voles were trapped at the end of summer of 
1973 and were brought to the University and installed in 
a controlled environment room under a regime of 8 hr day- 
light, a temperature of 5°c and relative humidity of 40% 
for six weeks. Over the next six weeks, light was in- 
creased by one hour per week, temperature by 223-0 per 
week, and humidity was held constant. After this 12 wee 
period, light, temperature and humidity regimes were left 
unchanged and pairing of animals for breeding was commenced. 
Throughout the period, voles were housed individually in 
rat-size cages (except during breeding trials when males 
were introduced into the cages of the females) and were 
provided water and mouse-chow ad libitum, the females re- 
ceiving a high-protein chow and green barley shoots at 
intervals to help bring on reproductive condition. Males 
were left with females for 2 weeks and on removal, females 
were left for a further 2 weeks before being checked for 
pregnancy. Non-pregnant females were used again in breed- 
ing pairs, while pregnant females were left to raise their 
EUCCeECS. 

Another set of cross-breeding experiments was conducted 
during the winter of 1974/5 at Heart Lake Biological Sta- 


tion using litters of wild-caught voles which had been born 
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and raised in captivity. In this instance, however, it 
was not possible to control environmental conditions as 
closely as the previous experiments in Edmonton. From 
mid egss Fe to early January, the weekly light regime 
was increased from 12 hr per day to 18 hr per day and 

the temperature was maintained around 15 00rc. No control 
of the humidity regime was possible. All voles were 
housed individually in shoe-box cages and provided mouse- 
chow and water ad libitum, females being given high- 
protein chow. Species-true and cross-specific breeding 
trials were attempted on the same basis as previously 
from late August 1974 until (mid February <1975. ovihen the 
stock of voles, already somewhat depleted from natural 

or stress-induced mortality (from confinement together 
during the breeding trials) was killed and either autop- 
sied or fed to captive pine marten (Martes americana) 
which were part of another research project being conduc-— 
ted at Heart Lake at the same time. 

The main set of cross-breeding experiments was car- 
ried out during the summers of 1974 and 1975, however, 
with voles that had already been used in behavior experi- 
ments in the pens. Females, housed in rat-sized cages and 
fed a preferential diet of high-protein chow, had a male 
vole introduced to the cage for 2 weeks. Two weeks after 
the male was removed, they were examined to determine if 


any were pregnant. Pregnant animals were permitted to 
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raise their young while non-pregnant voles were often 
paired again to see if further attempts would induce 
breeding. Most voles were autopsied at the end of summer 


to assess reproductive condition of the animals. 


(4) Radio Telemetry Study 


Activity of a small number of voles of each species 
was monitored in a 0.09 ha enclosure in undisturbed jack 
pine forest during the winter of 1974/5 at Heart Lake 
Biological Station. Details of the telemetry system are 
an enute etval. (1974). The original antention, or the 
study was to introduce one of each species into the en- 
closure and to track the two voles simultaneously over a 
period of 3-4 days (the usual life-span of the transmitter 
battery) by means of the semi-automated receiver system 
which was designed to scan the antenna wires and to print 
out resulting locations of the animals at certain set 
intervals of time. From this information it was hoped 
that details of interactions of the two species under an 
undisturbed cover of snow could be ascertained and related 
Botthe Situation at the Kakisa River... Altnougnya,) number 
of attempts were made at tracking pairs of voles, a series 
of malfunctions of the semi-automated system only permitted 
tracking of single voles. 

Experimental animals were trapped either side of the 
Kakisa River during August and September 1974, housed indi- 


vidually in rat-size cages at Heart Lake, provided water 


Beiséqe Mose to cofoy f6) ‘olla 3° lg"% _sivEioa” vei 
ont Bedzodalbas at gepEeolens. fa 6000. me boxosiaalt Bw 
abs! Siena Je ENETRL Fo isthe orld) enttit see 80e Stik 

ete motey= vaseneted elm) 30 eisntea” aoediae Isstboteka 

edd %) noksaSdak lpnkpero etek -( oP@L) «is jo saneey ak 
-fte eft ottih seineqe mons to sno Spuliotdat o+ sw ybusa 

Ss tC yLevesmesfomse Solow dws eit Wowxt od brs exwéols 
reds lmpnsts oH3 30 nage~-siLl Lesiey eye B-€ Yo Botts4 
nadwye sevicosx Bevenoduex ieee auld enn aa ye ( yxedzad 
aitisg od bes eoriw stimednts ehh mas ot Poaptesb asw dotiw 
fog Alsvx0o 96 elsmins ots Jo epoctesed \patituesx juno 
boqoit taw 44 mZvemaoRet aidd ind¥S jontkd Yo elevisiat 

as yobny eolvsqe. ow! otf Yo eheijnpigee to eitess5* BaF 
badsfex brs pensar rehas od binge wore te tevcs Hedtuteibay 


sodntia 6 dpoditdia” tava this ai Ba sitzeu six SPCR 


34 


and standard mouse chow ad libitum, and maintained in 
temperature and light conditions approximating those of 
the natural environment. In November, cages were moved 
antova piackedeone room kept at about -5°C, in an attempt 
to simulate conditions experienced within the subnivean 
Space. Water bottles were replaced by snow during this 
period, 

Most animals used for radio tracking were adults, 
or at least sub-adult, as they were all at least 19.0 g 
weight. At least 3 days before release into the pen, 
each vole was anaesthetized with ether and fitted with an 
inactive transmitter. Prior to release the transmitter 
was activated by soldering the battery connection, the 
animal was weighed and then released at the edge of the 
enclosure by means of one of 10 wooden chimneys located 
around the perimeter, which permitted direct access to 
the subnivean space without disturbance to the snow layer. 
Monitoring of activity began immediately and was carried 
out for as long as the transmitter gave a reliably strong 
Signal, usually 3-4 days. The sampling time interval was 
set at 5 minutes, to coincide with the 5 minute sampling 
period employed in the behavior experiments at the Kakisa 
River. Thus in each 24 hr period a total of 288 fixes on 
the position of each animal was obtained. 

During the radio tracking experiments, air and sub- 
nivean temperatures were recorded four times daily and 


barometric pressure was noted once a day. Periodic snow 
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surveys were made in the vicinity of the enclosure, when 
snow was sampled for depth, density, hardness and crystal 
size of each layer. 

After each experimental run, animals were recaptured 
in live-traps placed inside the chimneys, radio transmit- 
ters were removed and voles were returned to their cages. 
A number of voles proved notoriously difficult to recap- 
ture and thus remained in the pen during subsequent trials. 
Others died during the experimental run and so were not 
retrievable from one enclosure. One or two animals also 
managed to slip out of their radio collars and, Hare the 
untrappable voles, were possibly active during subsequeist 


trials. 


(5) Confirmation of Species ~ 


As I worked at the common boundary of these species of 
Clethrionomys, it was of importance to be able to confirm 
that each individual used in the behavior and activity 
experiments was indeed the species it was deemed to be on 
the basis of external features. For most individuals, 
this was done by means of (a) electrophoresis of the 
plasma proteins and subsequent classification by means of 
the transferrins and albumins present and (b) measurement 
of the anterior palatine foramen and noting whether the 
post-palatal bridge was fused or incomplete. 

(a) Electrophoresis of the Plasma Proteins 


Following the behavior and breeding trials, voles 
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were taken to Heart Lake where they were bled from the 
suborbital sinus by means of a sterilized Pasteur pipette 
and autopsied. Cells and serum were separated by centri- 
fuging the blood at 5000 G for 2 minutes and the serum was 
stored in a chest freezer at -10°C. ‘The sera were trans- 
ferred to Edmonton in a Dewar flask chilled with carbon 
dioxide "snow" generated from an inverted cylinder of liquid 
CO5: and stored at -10°c once more until electrophoresis 
was carried out, usually within three months. Some sera 
were not run until 12. months after collection -but.,, on..the 
basis of runs on the same sera at 3 and 12 months, there 
appeared to be no significant deterioration in the trans- 
ferrin and albumin bands on which species confirmation 
Was based. 

Dise gel electrophoresis was used to separate the 
serum proteins (Davis 1964). One or two minor alterations 
to Davis's technique were made in this study; the order 
of making up gels was reversed. The sera were diluted 
Telewithe lo esucnose solu ton and 0.015 ml of serum 
mixture was layered on top of each gel columm. A current 
of 60 milliamps was used during the electrophoretic run, 
which generally took about 1 hour. Coomassie Blue was 
employed as a general protein stain and produced clear 
definite dark. blue bands withingthe gels siheslocationsot 
albumins and transferrins was achieved by noting the size 


and distribution of the various bands relative to each 
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other; the relative densities of the bands were also 
noted when the gels were run through a spectrometer and 
a graphical trace of the transmission of light through 
the bands was obtained. 
(b) Measurement of Skull Characteristics 

Skulls were retained from most of the voles used in 
behavior and breeding trials. Segregation according to 
species was achieved on the basis of the length/width 
ratio of the anterior palatine foramen and the condition 
of the post-palatal bridge (Hall and Kelson 1959) for 


nearly all specimens. 
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RESULTS 


(1) Demography of the Two Clethrionomys Populations 


Populations on both sides of the Kakisa River followed 
the same general trend (Fig. 5); the low number of animals 
at the beginning of summer, consisting of overwintered 
individuals, is supplemented by first litters of the year 
by mid-summer and (in 1973 and 1974) reached a peak to- 
wards the end of the summer, by which time most of the 
overwintered voles had died off, and the early summer co- 
hort was joined by the mid and late summer cohorts. There 
is a considerable difference in density of Clethrionomys 
on the two plots from year to year (peak densities for 
1974 are: C. gapperi 30 voles/ha and C. rutilus, 9 voles/ha) 
but the densities were strongly correlated (Fig. 6,r=0.957, 
del pm 0 -00ls en cannot. say, whetherschissreflects va real 
difference in the densities of the two species all along 
the Kakisa River, since the plots are relatively small, 
although Newson (1963) observed differences in numbers and 
other population parameters in two neighbouring populations 
Gi) Goaglareolus. It ‘could#be that’ the north#plotyincludes 
a greater area of unsuitable habitat than the south plot. 
The latter possibility is supported by evidence of dif— 


fering soil types, and hence vegetational associations, 
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Figure 5. 


Total numbers of voles trapped on each 
live-trap plot per trap session, 1973-1976. 
(The six trap sessions in 1973 were late 
May, mid-June, early July, late July, early 
August and late August. The three trap 
sessions in 1974 and 1975 were late May, mid 
July and late August. The one trap session 


in 1976 was in early June). 


40 


@——2 C. gapperi 
O-=———=O C. rutilus 


: Je! 
7 
/ 
7 
e e 
~w 
a ~~ 
| fe ay AES) Te: 1 2 3 1 2 3 ] 


O73 1974 NS ITAS 1976 


7 > : 
= wi ee er > = 


: = it 
s @ Piies. ite Ge» ‘noes 
= i 


a? 


Figure 6. Correlation between crude numbers of Clethrion- 
omys gapperi and C. rutilus per live-trap ses- 
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on each side of this section of the Kakisa River (Day 1968). 
The south plot is characterised by sloping, well-drained 
soils which have a high content of stones and loam, with 
some ead and gravel. These well-drained areas are vege- 
tated by jack pine (Pinus banksiana), white spruce (Picea 
glauca), aspen (Populus tremuloides) and willow (Salix spp.), 
and a ground cover of rose (Rosa woodsii), bearberry 
(Arctostaphylos uva-ursi), Labrador tea (Ledum groenlandi- 
cum), lichens, mosses and grass. There are small areas of 
poor drainage which contain black spruce (Picea mariana), 
SeeEeele uae Varicina), dwarf birch (Betula spo), and 
juniper (Juniperus horizontalis). By comparison, the 
north plot 1s mostly level and poorly drained, with soils 
that contain loam, sand and, in some localities, peat; 
stones or gravel do not occur here. These soils tend to 
Support a growth of tamarack, black spruce, dwarf birch 
and willow, with a ground cover of juniper, Labrador tea, 
bearberry, Cladonia and sedges. A small part of the plot 
was composed of well-drained sandy soil on which mature 
jack pine and white spruce were found, with a sparse ground 
cover of rose, bearberry, cranberry (Vaccinium vitis-idaea), 
lichens, mosses and grass. 

Densities of Peromyscus on each plot were also corre- 
lated, but numbers were slightly higher on the north side 
(Fig. 7), which might suggest that competition between 


Peromyscus and Clethrionomys is responsible for the lower 
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Figure 7. Correlation between crude numbers of Peromyscus 
maniculatus on north and south plots per live- 


trap session, 1973-6. 
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densities of C. rutilus. Correlation between Peromyscus 


numbers from each plot (r=0.616, df = 11, p<0.05) is not 

as close as that for Clethrionomys (r = 0.957, df = 11, p< 
0.001), -but the slope is much closer to et which indicates 
that the two populations of Peromyscus attain similar num- 
bers at the peak density. Thus the evidence from Peromyscus 
on each side of the river suggests that habitat conditions 
are not as critically different as Clethrionomys might sug- 


gest, at least not for Peromyscus. 


Allowing ocnene different densities of Clethrionomys, 
then, the two populations generally exhibit the same rates 
of natural increase through each summer and similar rates 
of decline over each intervening winter. In the latter 
instance, there are two somewhat anomalous trends, however, 
where numbers of overwintered animals for C. rutilus in 
1973-4 and C. gapperi for 1975-6 appear to increase. Both 
these increases could well be the result of immigration from 
the surrounding area or capture of previously undetected ju- 
veniles from the late cohorts of the previous summer, in 
that the difference in numbers between fall and spring in 
both instances is created by the addition of two or three 


unmarked individuals. 


Population densities of both species were at a mod- 
erately low level in 1973, increased to a peak in 1974 and 
then declined sharply to low densities in 1975. Fuller 
(1969) has shown that population densities of these two 


species peaked in 1962 and 1966, with low densities during 
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the years 1963-5, although they appeared to be out of phase 
in 1967, when C. rutilus numbers remained relatively high 
while C..gapperi numbers declined. He also indicated (Fuller 
1977 and unpublished data) that populations of both species 
increased to peak levels during late summer in 1974 and 1976 
and, to a glessem extent,7 tine! 940 oy Thuss fluctuations in 
abundance of C. gapperi and C. rutilus appear to move in 


synchrony. 


While obtaining voles for the behavior studies, I 
caught a considerable number of pregnant females that I 
housed in rat-size cages and permitted to raise litters 
in captivity. The average number of young per litter 
(Table I) shows no significant difference between species 
for the two years combined (t = 0.14, df = 48, p >0O.1). 
Average litter size in both species was larger in 1974, 
when the vole populations reached peak densities, than in 
1975 when population density was considerably lower. I 
was unable, however, to find a significant difference be- 
tween the figures for the two years (t = 1.79, df = 48, 
p > 0.05). The reason for the subgrouping of the figures 
into litters of overwintered and young-of-the-year females 
is that age of the female is known to affect litter size 


(Saruteairons 19/7), Fuller; pers. COM, ). 


On the basis of the foregoing considerations, there- 


fore, I can see no obvious differences in the structure 
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Table I. Mean litter size for litters born to pregnant 
wild-caught voles and raised in captivity, 1974 
and 1975. OW = litters born to overwintered 
females; J = litters born to females born in the 
Same VeartseC.Gz mOC.tRis=idataepooledeéfrormbotn 
species, regardless of OW or J. Numbers in 


parentheses indicate sample size. 
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and dynamics of the two populations of Clethrionomys at the 
Kakisa River. There also appears to be no noticeable dif- 
ference in the reproductive pattern between the two species 
(Fuller, unpublished data). It is possible that there is 

a lower density of C. rutilus at the boundary than C. gap- 
peri, although whether or not this is due to the minor habi- 
tat differences already noted is difficult to prove. Since 
Dyke (1971) has already shown that the habitat and food re- 
quirements of these species do not differ markedly, the po- 
tential for competition between the species at the Kakisa 


Rever, mist. exist. 


(2) Distribution of Clethrionomys at the Kakisa River 


Intermittent trapping at the Kakisa River over the last 
Sixteen years has demonstrated that the boundary between the 
Species is not inviolable rane 2) eee SOLE DOSS DL emu 
say how long voles have been crossing the river. Contrary 
to my hypothesis the rate of immigration appears to be equal 
in.each direction, with 2.5% of the south bank population 
and 3.0% of the north bank population being composed of the 
inappropriate species. Since the trapping effort was far 
from equal on each side of the river, it is only possible 
to compare figures within each population rather than be- 
tween the populations. 

Of the 18 voles which have been taken on the "wrong" 
side of the river (see next section for confirmation of 


species), eight (tone possible extra) were overwintered 
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Table 2. Total numbers of Clethrionomys gapperi and C. 


rutilus trapped on each side of the Kakisa River, 
1961-1976. (Data for the years 1961-1972 and 


1976 kindly provided by DrjiwaeA. Fuller): 


SOUTH BANK NORTH BANK 
YEAR CutGAPPERT ORR ee ORM ES Sy C. GAPPERI OA LO Ga OES 
1961 aul 3 - ~ 
1961 60 0 - - 
1963 16 0 = - 
1964 = . F. . 
1965 i il 0 2 
1966 39 0 0 23 
1967 0 0 10 
1968 2 0 = = 
1969 = = = = 
1970 = =f 0 6 
1971 e s . _ 
1972 i} 0 1 14 
1973 37 0 0 25 
1974 141 3 2 100 
1975 56 3 2 48 
1976 8 0 3 Al 
TOTAL 397 10b: 8 269 
% TRAPPED ON 
"WRONG" SIDE 245% 3.0% 
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animals which could have crossed by traversing frozen river 


ice during the previous winter (Table 3). The other 9 voles 
were all young-of-the-year which either must have crossed 
the river while it was not frozen, or were born on the / wong" 
Side. While it may seem unlikely that an equal number of 
animals could cross the swiftly-flowing Kakisa River in the 
summer as could cross the ice in winter, dispersal is great- 
est during summer and fall, when population density and re- 
productive activity are both high, and so pressure to cross 
Pheri Ver so atts Maximum. 

Possibly small breeding groups of each species have 
become established in the range of the other species. 
Whether these groups are large enough, or acquire addition- 
al recruits at a rapid enough rate to sustain or expand 
their numbers, or whether they are still being eliminated 
after a year or two is difficult to assess. On the other 
hand, it would only take one pregnant female vole crossing 
the river in summer to introduce 4-6 new individuals into 
Enewpopulation OL the other species. — Twor groups orc. 
rutilus, three trapped in September 1961 and two .in May 
1974, and three C. gapperi trapped in August 1976 (Table 3), 
might well be litter-mates. None of the seven adult female 
voles. taken on the "wrong" Side of the river were pregnant 
on capture (or had previously bred, according to autopsy), 
however, so I am unable to support either claim. Thus 
data trom three years Of intensive trapping mtethis small 
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Pablo resens Leta tegoreallsvoles*caughtmwathin the range of 
, the opposite species during the years 1961-76. 

(M = male, F = female, OW = overwintered indi- 

vidual, J = individual born the same year of 

capture; east, W = west of Kakisa River). 
SPECIES DATE 

& SEX WEIGHT AGE OF LOCATION 

NUMBER (GRAMS ) CAPTURE 
CR369 ap LO J 2 Sept 1961 Lady Evelyn Falls(E) 
CR370 M 190 J a % i “ re (CE) 
CR3878 F Tle 2 J CF Va Y rt 4 Ee GE) 
CR106 M 19.6 J 7 Aug 1965 4 ‘ io (EB) 
CG6 2 F Padi OW 24 June 1972 West mouth of Kakisa 
CELLO - ~ OW 10 May 1974 Lady Evelyn Falls(W) 
CR32 M Wey OW me 2/0 aen i Zeki souths OL camp 
Chiesa 2320 OW? 17 July 1974 Live trap plot(Sth) 
CG43 M 15.0 ap lsh Tile " " " (Nth) 
CRIS M Ae J 8 Sept " Kakisa bridge (E) 
CR12 F -16.0 OW 8 May 1975 Kakisa bridge (E) 
CG41 F 1S) 18) Ow 10 June '" Kakisa Ford (W) 
CG43 M 255 OW dee yan 1 km W. Kakisa bridge 
CR48 M 2255 OWL oe - Lady Evelyn Falls(E) 
CR64 M 20.0 OWepomOU LYan a Kakisa camp 
CG460 M Ales ah J 19 Aug 1976 Kakisa bridge (W 
CG519 M Ney. Ui a Ome 4 a 
CG5 21 M al iogs) Uda ty - " " 


7 Mia = Te MP: 
i ae | 


iWe.e'F paging Ace Hare 


(M)eLiet myieva ybat 


a ; 
(&) » " " 
(®) " ; " “ 


setae to djuom jacMt 

(Walled myleva yosd 
qns> to dtvoe mut 5 
(da@)sefq qexs avid 
(dau) " P 


(@) spoil seitez 
(a) epbind senter 
(R) Brot eeibion 


aebizd paiser Woot # 


Oa 


PARR ne ai were 


3 


‘eo @ 


CA SRA 20S RO EPRI. inl 


“ x “Ee Bas 
adel pea f Bi 
STCL one O86 | ~— 
BTGL yam OL 

oe Re 


~ 


i 


padi 


é 
> 


-_ 


£4 


$ 
5 
: 


7 


“x92 © S = = 4 4 & Re ws 


? 


leat 


i 


Bobs 


oa 
a 


ae) 


not sufficient to resolve these questions. 
(3) Confirmation of Species 

During the course of my study at the Kakisa River, I 
trapped 232 voles and obtained an additional 11 voles from 
Heart Lake and 12 voles from Fort Providence. For full details 
of individual characters of each vole, see Appendix l. I 
assigned all individuals initially to one or other species on 
the basis of pelage coloration alone, and was impressed by the 
degree of definition with appeared to exist between the species 
at this common boundary. 

While I feel a reasonable degree of confidence in my own 
visual identification of individual voles, however, I acknowl- 
edge that within the geographic range of each species, con- 
Siderable variation in pelage coloration does exist (Hall and 
Kelson 1959). Bolshakov (1962) also noted a great degree of 
variation in pelage coloration in C. rutilus and_C. glareolus, 
and observed that there was a distinct clinal trend in the 
variation. Nevertheless, he was able to attribute individual 
Cretuctlus captured in neignboring, territories, to dititerent 
subspecies on the basis of color alone (Bolshakov 1963). 

Taxonomically, the source of species distinction in 
mammals has resided in a few described skull characters. In 
these two species of Clethrionomys, the single most reliable 
Character of Species identification 1S the ~condrCion of the 
post-palatal bridge, which is complete in C. gapperi and 


incomplete in C. rutilus (Hall and Kelson ibid). Even this 
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characteristic is not absolute in defining the species, how- 
ever, Since extremely old C. ruitlus or very young C. gapperi 
may occasionally display post-palatal features normally ascri- 
bed to the other species. 

Another skull feature which enables a certain degree of 
specific identification is the shape of the nasal foramen. 
In C. rutilus, the foramen tends to be somewhat "pear-shaped" 
as compared to the more "rod-shaped" foramen of C. gapperi, 
such that the ratio of length to width of the foramen is lower 
for the former than the latter. Since this feature exhibits 
a considerable amount of variation in voles of all ages, the 
segregation of the two Species is far from complete (Figure 
8). Such overlap cannot be ascribed to hybridization or gen- 
etic introgression, since individuals trapped at Heart Lake 
and Fort Providence, some 50 km from the common boundary and 
thus well within the range of each species, also showed a simi- 
lar overlap in nasal foramen dimensions. However, in the few 
cases where species identification was dubious according to 
pelage coloration or condition of the post-—palatal bridge, 
the length/width ratio of the nasal foramen provided a useful 
supplementary measure. Only areas of the histogram where 
there was less than 10% overlap with the other species were 
accepted for disignation of species when the other criteria 


failed, so that the maximum value for C. rutilus was 3.59 and 


the minimum value for C. gapperi was 3.80. 


Of the 232 voles trapped at the Kakisa River, I examined 


the skull features of 184 individuals (90 C. gapperi and 94 
C. rutilus, as assigned by pelage). Eighty-eight of the 90 
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Figure 8. Distribution of the ratios of the length/ 
width of the nasal foramen of specimens of 
C. gapperi (hatched area) and C. rutilus 


(open area). Four point above histogram = 


gapperi/rutilus hybrids. 
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C. gapperi possessed complete post-palatal bridges and 87 
of the 94 C. rutilus had incomplete post-palatal bridges. 

One of the two aberrant C. gapperi was a very young individ- 
ual (less than one month old) in which the sutures of the 
post-palatal bridge had not fused yet; unfortunately, I did 
not obtain any information on the nasal foramen, although the 
vole was probably a C. gapperi. The other questionable C. 
QGapperi possessed a "rutilus-red" pelage, a post-palatal bri- 
dge that was incomplete on one side and fused on the other, 

and nasal foramina which were indeterminate in character. 
Furthermore, this individual was captured in the same area at 
the same time as a confirmed C. rutilus individual (on tke 
"wrong" side of the river), so was most probably a hybrid. 

This contention is further supported by the discovery in the 
Same area of an individual Cc. gapperi, confirmed by the com- 
plete post-palatal bridge, which also exhibited a "rutilus-red" 
pelage. Thus there were two possible hybrids obtained from 
the C. gapperi side of the Kakisa River. 

Voles from the C. rutilus side of the river included 7 
individuals possessing complete post-palatal bridges, of which 
4 were old individuals (at least 12 months old) and so had 
probably possessed incomplete bridges earlier in life. All 
4 were certainly "rutilus-red" in appearance and possessed 
nasal foramen ratios that fell within the C. rutilus range. 

Of the other three, one vole had the appropriate red pelage 
and nasal foramen, but the other two possessed indeterminate 


foramina. One of these two was a female which, being pregnant 
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on capture, subsequently raised a litter of seven. All the 
young appeared to be "rutilus-red" and, of the four skulls 
which were kept, all possessed incomplete post-palatal bridges, 
while two of the four exhibited indeterminate nasal foramina. 
Thus there appeared to be three possible hybrids in the 
population inhabiting the C. rutilus side of the river. 

Frustration with the problem of designation of these, 
and other, species on purely morphological grounds has gen- 
erated the recent surge of interest in biochemical taxonomy. 
Despite development of more refined techniques, however, 
characterisation of the species with comprise the genus 
Clethrionomys has remained relatively intractable (Johnson 
1968). Canham and Cameron (1972) demonstrated that in the 
Vicinity of the Kakisa River, C. gapperi was homozygous for 
either transferrins M or J, = heterozygous for both, with 
approximately equal frequencies, whereas 98% of the C. rutilus 
population was homozygous for transferrin M, and 2% hetero- 
zygous for transferrins M and K. Albumin G was found in 90% 
of C. gapperi and 6% of C. rutilus, while albumin P was found 
in the remaining 94% of C. rutilus only, and albumin M in 10% 
ObeCe Gapperi. Thus it 18 theoretically possible to assign 
individuals to one or other of the two species on the basis 
of transferrins and albumins alone. 

I only obtained blood samples from 101 of the 232 voles, 
Since this included snap-trapped animals, live-trapped ani- 


mals that died during or shortly after confinement, or died 
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during subsequent breeding trials, before blood could be ob- 
tained. Unfortunately, I found a certain amount of variation 
in the actual distances migrated by the transferrins. Since 
transferrin bands M, K and J are known to migrate distances 

of 48, 51 and 53 relative to albumin G distance 100 (Canham 
and Cameron ibid), occurrence of a number of individual samples 
with one or two bands having migration values ranging from 45 
to 56 meant that I was unable to confirm the identity of trans- 
ferrins. Also, I could not assume that all heterozygous indi- 
viduals were most probably C. gapperi, since I found a greater 
frequency, of heterozygosity, in C..rutilus, than, Canham,and 
Cameron (ibid) noted (4 out of 32 heterozygous, i.e. 13% com- 
pared to 2%, or less, previously reported). Thus the tech- 
nique of electrophoresis and measurement of migration rates 

of serum proteins does not appear to be a very reliable tool 
for assigning individuals to one species or the other at the 
Kakisa River. 

The occurrence of more heterozygotes than expected in 
the, populationson the Cc. rutilus. side;of.theariversas ofagreat 
interest. Since frequency of heterozygosity in the C. ruti- 
lus population north of the common boundary on the Alaska 
highway was as high as 12% (Canham and Cameron ibid), the 
higher value could be due to natural variation within the 
population. However, it could well be that a certain degree 
of genetic "leakage" may be occurring at the Kakisa River, 


such that genes governing heterozygosity in C. gapperi could 
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be appearing in the C. rutilus population. Of the four het- 
erozygous C. rutilus-types, two had appropriate pelage, post- 
palatal bridge and nasal foramen characters. One individual 
had C. rutilus-type pelage and nasal foramen, but possessed 
a complete post-palatal bridge, which may indicate hybridiz- 
ation. The fourth vole was C. rutilus-like in all three 
characters, although it was captured on the C. gapperi side 
of the river. The display of heterozygosity may not neces- 
sarily be limited to the Fl generation, but may indicate the 
reoccurrence of characters accuired from the crossing of 
Sspecies-true types in earlier generations. This is supported 
by data on relative fheehancie’s of C&-globulins, which differ 
markedly across the species' range, but are strikingly simi- 
lar in both species at the common boundary (Canham and Cam- 
eron ibid). | 

The four individuals which comprised the single cross- 
bred litter raised in captivity present an interesting com- 
bination of the two species' features. The pelage color- 
ation in all four was generally "rutilus-red" on the back 
and ears, but the tail was not characteristically orange 
or as thick as the rutilus type. The post-palatal bridge 
was incompletely formed in all four, a distinctly rutilus- 
like feature. However, the serum proteins indicated that 
all four were heterzygous for transferrins. Dimensions of 
the nasal foramen distributed the four individuals evenly 


from predominantly rutilus-like to predominantly gapperi- 
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like (Figure 8), although no single vole was clearly indica- 
tive of one species or the other. Thus the hybrid voles 
appeared to comprise a mixture of the features of the two 
species. 

The evidence I have presented indicates that 95% of 
the voles trapped at the Kakisa River were readily assigned 
to one or other of the two species on the basis of pelage 
coloration and post-palatal bridge alone. This includes the 
seven voles trapped on the "wrong" side of the river which 
were assigned to species by all three morphological charac- 
ters. The remaining 5%, comprising 9 voles, could not be 
readily assigned and Aeeaareel to include at least five possi- 
ble hybrids. If I add to these the one confirmed C. rutilus 
from the C. gapperi side of the river, as mentioned above, 

I end up with at least 6, and possibly TG. Ole hee loLalnor 
184 voles as possible hybrids. Thus 3-5% of the populations 
either side of the Kakisa River appear to be composed of 


hybrid individuals. 


(4) Aspects of Reproductive Isolation in Clethrionomys 
(a) Copulatory Behavior 

A summary of my observations of the copulatory be- 
havior of the two species is given in Table 4. Although 
two experimental sessions were run, which would have re- 
Sulted in two of each type of possible pairing, a female 
C. gapperi instead of C. rutilus was mistakenly placed 


with a male C. gapperi so that three C. gapperi x C. gapperi 
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Table 4. Summary of copulatory behavior of voles in 
Species-true and cross-specific pairings per 
8-hour observation period. All copulations 
were observed during the first 4-hour section 
of the observation period. No litters were 


produced by any of the mated females. 
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trials were run and only one trial of male C. gapperi x 
female C. rutilus. Nevertheless, certain information 
emerges from even this low number of trials. 

rier of all, there is a large amount of variation 
in the amount of time that voles were active and the 
amount of time that they spent together. Second, not all 
pairings resulted in copulation; notably, the species- 
true [parrspom.c: sutidus didjnotoattempt uwtorcopulate at 
alliduringuei ght hours, 0o£,.0obsenvation. _.This ss. not to 
say, of. course, that they did not copulate during the 
nine-hour overnight period between observations. 

For cross-sSpecific pairs, two out of three trials 
yielded copulatory behavior, the same as occurred for C. 
GappermeuiG. (appebiess Whatyts more, Crequency of copula=— 
tion in the two trial conditions is of the same order. 
Thus individual voles did not seem to behave any differently 
towards the mate as far as reproductive behavior was con- 
cerned, regardless of species. 

I do not feel that this necessarily means that there 
is no segregation between these species reproductively. 
Certainly euedudenot seceany difference in the repertoire 
of behavior exhibited by male voles in approaching a 
female, nor in the subsequent responses of the female to 
the mating attempts of the male, in any of the three types 
of species combinations where mating was observed. None 


of the mated females produced any litters however, even 
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though copulation appeared to be successful. Dewsbury (1975) 
has shown that although copulation between two species of 
Peromyscus was possible, differences in actual copulatory 
techniques ensured that no successful insemination occurred. 
It could well be that segregation in these two species of 
Clethrionomys is achieved in a similar manner, although I 
have no evidence to either support or refute such a claim. 


(b) Breeding Trials 


I conducted a total of 108 breeding trials using 
adult wild-caught voles during the winter of 1973-4 and 
the summers of 1974 and 1975. The breeding success in 
Species-true pairings was 14% and 41% compared with 1% in 
cross-specific pairs (Table 5). The single litter raised 
aS a result of cross-breeding between a male C. rutilus 
and a female C. gapperi comprised one male and three females, 
and back-crossing with parental stock demonstrated that at 
least the male individual was fertile when crossed with a 
female C. gapperi. These cross-bred individuals were some- 
what "rutilus-like" in external features althoughe ska | 
features were intermediate in character ( see section 
‘on "Confirmation of Species"). I also noticed that indi- 
viduals in the hybrid litter were very aggressive toward 
one another, a phenomenon which Godfrey (1958) noted in 
hybrids produced from inter—racial crossing in C. glareolus. 
The low level of species-true breeding might well be 
a result of stress induced by confinement, although one 


would naturally expect similar effects in cross-Specific 
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Table 5. Summary of breeding trials conducted in Edmon- 
ton, 1973-4 and at the Kakisa River, Northwest 


Temmitorles .~.974 and: 1975). 


GAPPERI/ RUDULUS 7, GAPPERI/ 


GAPPERI RUTLLUS RUTILUS 
No. PAIRINGS (P) 14 ay, Za. 
VOD EPTER Ge GT.) 2 7 ib 
L/P 0.14 0.41 0.01 
No. LITTER siZes 
a 0 1 0 
2 0 ©) © 
3 O O ©) 
4 a 2 a 
5 @ iL ©) 
6 1 1 0 
7 0 al @) 
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breeding. I have observed several wild-caught pregnant fe- 
males abort their litters or consume them shortly after giving 
birth; thus it seems that certain individuals do not exhibit 
normal rapida eine activity in confinement. Since I did not 
provide voles with fresh green food (such as barley sprouts) 
in breeding trials during the summers of 1974 and 1975, it is 
possible that voles lacked certain nutrients in their diet 
essential for the maintenance of reproductive condition (Bat- 
Zli and Pitelka 1971). Another point is that I only caged 


voles together for 2 weeks, which might not have been long 


enough for some pairs to breed. A further point is that 
voles are most susceptible to becoming pregnant again a 
few days after giving birth and, since I did not have large 
enough cages to enable a male vole plus a female with young 
to live in close proximity without severe fighting, I prob- 
ably missed the optimum time for breeding in every case. 
Finally, it has been noted that while C. glareolus is an 
induced ovulator, pregnancy is easily blocked by the ex- 
posure of females to strange males (Clarke et al. 1970); 
perhaps breeding in some female C. gapperi was suppressed 
in a Similar fashion. 

It should not be assumed that 100% breeding success 
is possible in Clethrionomys in the laboratory; Saint Girons 
(1972) demonstrated that reproductive success in laboratory 
bred C. glareolus was significantly lower than in wild-bred 


animals. Grant (1974) found that even when species-true 
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pairs of C. gapperi and C. glareolus were set up for 
1-12 months, only 50% breeding success was obtained. 
Morrison et al.(1976) also only obtained 46% breeding 
success Wien C. rutilus continuously caged together in 
breeding pairs in the laboratory. Reproductive success 
of C. gapperi in my own breeding trials was somewhat lower 
than that of C. rutilus. Murie and Dickinson (1973) and 
I have shown that in captivity C. gapperi is much more 
active than C. rutilus (see section entitled "Behavior 
Experiments"). Such activeness, and possibly aggressive- 
ness, in caged C. gapperi could well reduce the repro- 
ductive success compared to the less perturbable C. rutilus; 
such maternal aggressiveness has been shown to reduce 
litter-raising success in Peromyscus (Savidge 1974). A 
similar situation has been observed in C. glareolus, in 
which island subspecies were found to be much more docile 
than their mainland counterparts (Steven 1953, Godfrey 
POOR 

No cross-breeding was achieved during winter trials 
in Edmonton. Among species-true breeding pairs, however, 
apie berewaseralscedufrome ages DUvIn Use OLOmskaht scoasond sone 
from Inuvik, which indicates that breeding is possible 
across the geographic range of one of the species at least, 
even if it is extremely limited between species at the 
boundary. 


Of 118 cross-specific and 53 species-true breeding 
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trials using voles from litters born to pregnant wild- 
caught females, conducted at Heart Lake during the winter 
of 1974-5, only one species-true litter was produced. The 
overall lack of breeding in these voles was probably due 
to a failure to attain sexual maturity before winter came 
on. In spite of providing high-protein chow and increasing 
light and temperature, conditions were not sufficiently 
controlled to induce breeding. I also noticed that many 
of these voles were extremely active, which would make 
them even less amenable to caging and breeding than wild- 
caught voles. There certainly seemed to be a higher mor- 
tality of these voles when they were in pairs than was 
seen in any of the other breeding trials. For these rea- 
sons, then, I have not included these figures in the re- 
sults. 

Thus there is very low incidence of cross-breeding 
in captivity and, according to my identifications to species, 
in the wild; “However, it is°-more important to consider 
reproductive isolation in terms of gene flow and not in 
terms of interbreeding (Bigelow 1965), as selection will 
inhibit gene flow between two differently well-integrated 
gene pools despite interbreeding. Therefore a small 
amount of cross-breeding between C. gapperi and C. rutilus 
is unlikely to lead to any reduction in specific integrity 
at the Kakisa River. Even when there are no barriers to 


dispersal, and overlap of species' ranges occurs, Such as 
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that found in subspecies of mole rat, Spalax ehrenbergi, 
(Nevo and Bar-El 1976) and in subspecies of pocket gopher, 
Thomomys talpoides, (Nevo et al. 1974), selection against 
hybrids in terms of cytogenetic, ethologic and ecological 
incompatibilities has resulted in very narrow hybrid zones 
and has ensured maintenance of species identity. 
Demonstration of almost complete reproductive com- 
patibility between C. gapperi and C. glareolus (Grant 1974) 
would seem to run counter to the arguments above, particu- 
larly considering that these two species were separated 
by thousands of miles for many thousands of years (Rausch 
1963)/y Ltacould be assumed thatac. Gapperi and C.)rutilus, 
now in close geographic proximity and probably separated 
EOuyassnonter period of time =than Cs oappemmiand Co larcolus, 
would eaSily interbreed and thus be regarded as sibling 
Species. That reproductive isolation is less developed in 
Ca dappelieand Co glareoluseis reasonable si te one acceprs: that 
they have responded to similar environmental pressures while 
geographically isolated in Eurasia and North America, so 
that reproductive isolation would only develop by chance 
(Nadler etal. -1976). Onethevother hand Go rutiius, nNavang 
possibly diverged from gapperi-glareolus ancestral stock, 
is more of a tundra-dwelling species than C. gapperi and 
C. gapperi and C. rutilus have had more recent contact 
than C. gapperi and C. glareolus. In short, adaptation 


to different habitats and a background of geographic con- 
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tact have combined to produce a more rapid evolutionary 
divergence between C. gapperi and C. rutilus (Nadler 


ple pla Die 


(5) Mobility of Clethrionomys in the Field 
I have hypothesized that there are differing levels 


of mobility in the two species of Clethrionomys which re- 
sult in a greater tendency for the more mobile species to 
migrate across the Kakisa River. Is there any indication 
from the live-trap data that mobility is any different 
between the species? Although the mean distance travelled 
between traps by C. gapperi appears to be greater than 

that exhibited by C. rutilus, the difference is not statis-— 
tically significant (Table 6). Because of the paucity of 
data on C. rutilus, however, one cannot accept or reject 
the possibility of differences in the movement of voles 
between traps. Of the seven combinations tested (LOW NOS: 
Cg male vs. Cr male, Cg female vs. Cr female, Cg male vs. 
Cg female, Cr male vs. Cr female: HIGH NOS: Cg male vs Cg 
female; Cg male low vs. high; Cg female low vs high) the 
only figures which showed significant differences were be- 
tween low density C. gapperi males and females (t = 2.00, 
df = 51, p< 0.05) and C. gapperi.males at low and high den- 
Sihies, (ta= oily db =9'46, “p< 0.02). "e these ditrerences 
agree with findings of other workers that females tend to 


occupy smaller home ranges compared to males (Brown 1969, 
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Table 6. Mean inter-trap distances for voles captured on 
the east and west sides of the Kakisa River, 
1973-5, segregated according to low (< 10 voles/ 
hectare), medium (10-20 voles/ha.) and high 
(> 20 voles/ha.) population densities. Numbers 


in parentheses indicate sample size. 


C. GAPPERI C2 RUTTLUS 
MALES 
LOW DENSITY 36% 58) 4 ao 728 28) 30.90 4° 6577 PK11) 
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Mazurkiewicz 1971, Herman 1975, Wells 1976), and that as 
_.population density increases, individual vole movement is 
decreased (Andrzejewski 1967, Watts 1970b). 

mobility and the similar proportions of each species in 
the population of the other, pee appears to be little 
support for the hypothesis of unequal migration across the 
Kakisa River. In the next section, I will deal with the 
large differences in levels of activity, and other aspects 
of behavior, which were readily apparent in the pen experi- 
ments. Whether such differences in activity in the pen 
indicate a real difference in the behavior of the two 


Species in the wild, however, remains open to speculation. 


(6) Behavior Experiments 


(a) General Remarks 

Observations on 72 male voles in the different species 
combinations and 36 female voles in species-true combin- 
ations occupied 288 hours. From these observations I cal- 
culated distance moved, length of time active, distance/ 
time ratio and number of Wie losses and neutral outcomes 
to the encounters for each individual (for details see 
Appendimec,). LL noticed that there 1674 high degrceror 
Pet Saath variation between voles, with distances covered 
ranging from 22m to L/22°m, Cimewactive Lrom Lo minuces 
to 287 minutes and number of encounters ranging from 0 to 


76 in the 8-hour observation period. 
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As the latter figures indicate, there were far fewer 
interactions, especially aggressive encounters, observed 
in this study compared to similar studies of these species 
using smaller arenas (Johst 1967, Grant 1970a, Murie and 
Dickinson 1973, Mihok 1976 ).. Neutral encounters con- 
Sisting mainly of mutual avoidance, which Brown (1964) | 
described as a means of reducing aggression between species, 
appear to make up the greatest proportion of interactions 
observed. Not only does aggression seem to be reduced by 
an increase in arena size (Poole and Morgan 1976), but it 
is also affected by the complexity of the arena, i.e. by 
the provision of moss, logs, nest~boxes and feeders, such 
that fighting and chasing are both greatly reduced (Crow- 
croft and Rowe 1963). 

Thus one is caught between the problem of unrealisti- 
cally high levels of aggression resulting from artificially 
small and simple arena situations, and the problem of too 
few encounters due to a large and complex pen which more 
closely resembles the natural situation. I feel that I 
have leaned towards the latter. Having allowed for these 
problems, it still seems that aggressive interactions are 
not common in these species in the wild and are probably 
not as important in population regulation as suggested 
for other species of voles (Chitty 1960, Krebs 1970). 

In the following sections, I will examine various 


aspects of the behavior of Clethrionomys gapperi and C. 
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120 2 a ig 8 bps 
(b) Brief Description of Clethrionomys Behavior 

After introduction to the runway, each vole ran immedi- 
ately Gee one or other of the two pens, the longest time 
taken to enter a pen being two minutes. Initial pen selec- 
tion appeared to be entirely random and, within each trial, 
selection by first and second voles did not affect choice 
of pen by second and third voles. Once in the pens, voles 
proceeded to explore actively, moving in a short, jerky 
gait with ears forward and tail raised, in an attentive 
Manner suehn“as described for Macrotus’ (Clarke 1956). For 
the first 30 minutes or so, voles were ina "hypersensitive" 
state, and the slightest noise or encounter with, or sight 
of, another vole would send them scurrying for the cover 
of a log or nestbox, At this time there was usually a 
great deal of "rooting" in the moss covering the pen floor, 
by digging with forepaws, nasal investigation and tunnel- 
ling, such that the whole animal often disappeared from 
view for a period of time. “This facility for burrowing 
and hiding from view seemed to be extremely important to 
voles in their process of "Settling down", and also reduced 
the incidence of encounters, as a vole in a moss pile would 
frequently be overlooked by another exploring vole. 

At no time could I discern any difference in patterns 
of behavior in the two species; manner of exploration, 


approach, and encounters (including aggression, when it 
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occurred) were the same as that described by Johst (1967), 
Skirrow (1969) and Mihok (1976). There was, however, a 
considerable difference in the quantitative aspect of be- 
havior sce section on analysis of activity levels). Also, 
Since I used a larger area than commonly employed in open- 
field experiments and observed the voles from a greater 
distance (about 4m), I did not see some of the more de- 
tailed aspects of interactions. Behavioral characters 
iaistenm UE hus) Feleye see, but which have been described for C. 
gapperi (Mihok 1976), were the stretch posture (after 
Johst ibid), naso-anal investigation (except in the male- 
female pairs of voles in the copulatory behavior trials), 
raising of front paw only or whole front of body (after 
Johst ibid), groom other vole, huddle with other vole and 
pawbeating of opponent. Vocalizing was infrequent and, 
when it did occur, it was impossible to tell which vole 
had emitted the sound; thus, although vocalizing may be 
associated with aggression (Turner and Iverson 1973), it 
was not included in the following analysis. 

Components of behavior that I did see included explor- 
ation, escape moves (leaping up at pen walls), sitting 
still, approach, stare, attack, chase, flee, avoid, ignore 
other vole, retaliate (aggressive response of vole to 
attack by dominant), self-groom, nest-build and scent-mark 
(see next section). The attack component was similar to 


that described by Colvin (1973) and what Skirrow (1969) 
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called "lunge", but also included what others termed 
"faghting" (Clarke 19.56 p ‘Krebs 197.0 arandeColblvin }b973),; 
Simply because fights occurred too infrequently to warrant 
separate classification. Chase differed from attack in 
that no physical contact was made and one vole fled while 
the other followed for a considerable distance at full 
Speed. Therefore only a small number of behavioral com- 
ponents were analysed, since many did not occur sufficient- 
ly frequently to warrant attention. One exception was 
scent-marking which, although observed relatively infre- 
quently, is probably of considerable importance in the 
interspecific and intraspecific interactions of voles in 


the ;wild, 


(c) Scent-Marking Behavior 

Much attention has recently been devoted to olfactory 
communication, especially scent-marking, in mammals (John- 
son 1973), and more particularly in rodents (Bronson 1971). 
Although the specificity of what were originally described 
aS mammalian pheromones has been questioned (Beauchamp et 
al. 1976), there is no doubt that olfaction plays an im- 
portant role in rodent behavior (Lee 1976, Richmond and 
Stehn 1976). 

The efteces OL Olfactory Stimulation on various aspects 
of rodent behavior have been extensively studied in labora- 
tory mice, with respect to aggression (Archer 1968, Ropartz 


1968, Jones and Nowell 1973a), exploratory behavior (Jones 
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and Nowell 1973b and 1977) and male/female social behavior 
(Dixon and Mackintosh 1971, Davies and Bellamy 1974) and, 
in Microtus, with respect to trap response in the field 
(Boonstra and, Krebs 1976), Very Jittle investigation oF 
olfactory communication in Clethrionomys has been done, 
however. Godfrey (1958) demonstrated that individual 
Cc. glareolus were able to discriminate between voles from 
their population and those from neighboring populations by 
scent alone. Skirrow (1969) and Skirrow and Rysan (1976) 
described scent marking in C. gapperi, and Clarke (1956) 
observed similar behavior in Microtus agrestis, but termed 
it “displacement digging". Skirrow (1969) moted: that 
GMarkeGs Gescription Cl “displacement digging sini 
agrestis almost exactly matched that for scent-marking 
in M. pennsylvenicus, and “so concluded that similar be- 
Navior inc. dapperi also constituted scent-marking. Johst 
(1967) also described marking behavior in several species 
OL, GlecntFOnOmMys ,.91NClUGING, CG. tUutdmuUs, DUG like Clarke 
regaraea it as a form of displacement activity. ‘Thus 
scent-marking, and its association with dominance and 
aggression, could be of importance in the inter- and intra- 
Specific behavior of C. gapperi and C. rutilus (See section 
on index of aggression). 

While I observed scent-marking by voles at the Kakisa 
River, the incidence was much lower than that in C. gapperi 
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72 male voles engaging in scent-marking activity (14 c. 
qapperi and seven C. rutilus). The greatest number of 
markings observed for a single vole during an 8-hour 
observation period was 12, with C. rutilus exhibiting 

a lower frequency of marking than C. gapperi, although 
the difference was not significantly different (C. gapperi 
lo eee o ene Or eC Brutr lus S60 wo oteOs 5355) Neu oGe 
t= 93, dhe =7 07 p> 0505) = a -hok=(L976)—alLceosnoted 
that scent-marking was less frequent in C. gapperi at 
Heart Lake (50 km east of the Kakisa River) compared to 
Skirrow's (1969) findings. As in this study, Mihok did 
not observe flank-scratching as described by Skirrow 
(1969), even though Clethrionomys are known to possess 


flank glands (Quay 1968, Mihok 1976). 


(d) Analysis of Activity Levels 

In spite of the high degree of individual variation, 
there are notable differences in levels of activity be- 
tween the groups of voles according to the species com- 
binations (Table 7). Using Duncan's multiple range test, 
I calculated significance of differences in activity of 
the two species in the different triplets, for both males 
and females, according to distance moved, time active and 
ratio Of distance tojtime (Table 8). Level of activity of 
females is considerably lower than that of males, although 
since activity asemuchy lower in C. rutilus)an general, the 


levels are not significantly different in the one Species. 
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These observations agree with the differences in mobility 
of voles at low densities in the wild. 

Examination of mean figures for distance moved and 
time active for voles in different species combinations 
shows that C. gapperi activity is reduced in the presence 
o£SC; rutilus ,iwhereasethe! activity /ofsC.exnutiluslappears 
to be increased somewhat in the presence of C. gapperi 
(Table 7). Because of the different number of voles within 
each trial situation and the greater degree of variance 
which this causes, I have combined figures for the two 
interspecific trials such that three situations comprising 
18 voles each are compared; species-true C. gapperi, species- 
true C. rutilus and a combination of the two species (Table 
Shire hfrom thissi tiasnevidentethateactivity: ofemaleyC: 
Japperleis significantly! LlowerJinyther presence ofmCsy ruti-— 
MisSthanmactivity, iniispecies=truesitrmals}landrthat both 
these figures are significantly greater than C. rutilus 
in species-true or combined trials. C. rutilus, on the 
other hand, does not show any significant difference in 
levels of activity either in species-true or combined- 
Species trials. Although there is a good correlation be- 
tween distance moved and time active for pooled data on 
GHemtwouspecies? (C.Migapperi T=n0289 ON erso7ic., rotidus 
ten OVS See =) 36 -eip. <210u0l \Aiithere wis Jagtiiangs wamounr, of 
individual variation in the two measures such that distance- 


time ratios are less sensitive measures of relative activity 
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in different trial conditions than distance or time on 
their own (Table 8). 

There are two further measures of activity in Cleth- 
rionomys which I was able to make. The first I obtained 
by pooling all encounters (wins, losses and neutral) for 
each Species in the four trial combinations (Table 9). The 
other measure I made was a calculation of mean number of 
moves between pens for each species in the four trial com- 
binations (Table 10). Once again, the number of encounters 
and moves between pens was greatest for male C. gapperi 
in species-true combinations, both figures being approxi- 
mately ten times that for C. rutilus in species-—-true com- 
binations. Accordingly, the former figures were signifi- 
cantly different from all the others when tested by Dun- 
can's multiple range test, and even the fewer numbers of 
encounters] for C. gapperi in interspecific trials were 
Significantly greater than.those for C. rutilus-in species- 
true trials (Table 11). C. gapperi males exhibited a 
greater number of moves between pens in species-true than 
in mixed-species trials, and, when mixed-species figures 
are pooled, male C. gapperi exhibit significantly more 
moves between pens than C. rutilus, regardless of trial 
conditions. As with other measures, of activity, C. ruti- 
lus showed no significant difference between groups. 

In considering the various measures of activity, it 


could be construed that many of them were strongly corre- 
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Table Il. Significance of differences according to Dun-— 
can's multiple range test between (1) mean 
number of encounters per pair of voles and (2) 
mean number of moves between pens per vole per 
S-hour observation period. Vole classes joined 
bygaeline are not ditferent) at the p< 0505 
Tevet Or si Gnim1 cance sa CGl==Ce"Gapperl, -cR = 
Ceomrutalus¢ptables~(ajeinclude Gata,tromyrall 
possible combinations of voles, tables (b) 
Show pooling of interspecific figures from 
trials conprising’ 2Z6Gl CReand *1eG2CRfor*encoun— 
ters and intraspecific figures for moves between 
pens). 
(I) ENCOUNTERS 
(a) SER SCR CRACK CGxGR 3CG CGR CGxXCG 3CG 
(Ep eM GhCCICR.) at 2CGLCR )eaa bY) a UCG2CR) a 2C61 CR). GM) 
(D)pccrecch. » CRcCR CGxCR See Velen ae 3CG 
GES) aM) i wa LCG2CR ) (ALL) (GES) G2CG LCR mann) 
(2) MOVES BETWEEN PENS 
Camo GRaoCR GR 3CG 2CR 2CG LCG SCG 
(On) PG in omen Cae xele)) (F) GEICGJe(ICR) Ga2CR) 6 (MM) 
COS Cer oCR mere Ch lich a SCG AZ CCL CGm3CG 
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lated because they reflected a common causative agent. If 
one assumed, for instance, that the movement of an individual 
vole was entirely random, and took no account of the presence 
of other voles, a correlation between number of encounters 
and distance moved, or time active, might well be expected. 
Such a correlation does indeed exist. Since distance moved 
and time active are strongly correlat.ed, however, I applied 
a partial correlation, in which either time active of dis- 
tance moved is held constant, and was unable to ascribe 

the correlation of activity and number of encounters to 


either activity variable alone {Table 12). 


A more obvious example of sourious correlations is 
that observed between distance moved and numbers of moves 
between pens. Since the distance between the pens is rela- 
tively large, a vole which made many moves between pens 
would obviously move quite a few metres in a 8-hour observa- 
tion period. Another area where a correlation might be 
expected if vole movements were random is between the num- 
ber of encounters and the number of moves between pens; 
however, no such correlation was found. Thus end number 
of encounters per vole is independent of number of moves 
between pens. 

While it is instructive to look at the overall activ- 
ity, of individual voles? such figures do not indicate how 


much time voles actually spend in each others' presence. 
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It is possible, for instance, that two voles could be 
active for the same time period, but by remaining in oppo- 
site pens would never meet. In nearly all trials, fortun- 
ately, such a situation did not arise; nevertheless, it is 
important to know the degree of overlap of pairs of voles 
as it relates to the number of encounters between those 
imdawidnal's .16 Lookingeat! the, firstiipart of this? problem; 
I found a good correlation between the mean of the indi- 
vidual number of minutes active for a pair of voles and 
the number of minutes they were active together in the 
same pen. Since the minutes active together and overall 
activity for the three voles in each trial were not totally 
independent of each other, Spearman's rank test was used 
on the data, and produced significant correlations for 
aie roure tries (ise CAoCOCGE=BON CGC COO FOOLS pa COOLCr 
SLAC (TLOTA CTS ae Oats ener ne ARG” repre (OOM LY be 

How does this relate to the number of encounters? Once 
again, because of the interdependence of time active for 
individual voles within each trial, I have taken .the mean 
value for time active together and numbers of encounters 
for each trial for species-true triplets. For the inter- 
Specific trials, I have taken each inter- and intraspecific 
component of each trial and taken the mean of that figure, 
where appropriate, and performed a Pearson correlation 
test on each group of interacting voles. Of the six pos- 


sible groups of voles (CgxCg (3Cg}, CgxCg[CgCgcr], CgxcCr 
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eqeqer can cricqerern, creer (cqcrer | Crxcr (Crcrcr |), 
Oey “CwORgrou tom slOwecemdeslunilticant COLreleacions COoxcr 
[cgcrcr | (r-0 7975 -at—4- p= 0. 002)’ and erxcr fCgcrcr J was 
Oroiy, ii sp Oso )e lit all oO pars OL figures from 
aie the crvals™are pooled, however, a hnignly Significant 
correlation between minutes active together and number of 
encounters is Obtained (r=0.67, dt—s4, p—O0.00lL)e” Thus 
there is a general overall correlation between these two 


PaACCOGS, = al LNOugh tt 2S Cuite Varlead trom traal to trial. 


(e) Quantitative Analysis of Encounters 

Having, obtained a picture Of the trends in activity, 
T2noOws cuGhecOmtLoNe results .OL the speciiite st rials... 11) found 
that in spite of the greater number of wins that C. rutilus 
sustained over C. Gapperi. in ainterspecific Crials (104 wins 
to 41 losses for 24 interspecific pairs), most interactions 
were too inconclusive to be able to state which voles were 
dominant and which were subordinate. Of 12 interspecific 
trials, ll pairs were classifiable, of which eight pairs 
were C. rutilus dominant over C. gapperi and three pairs 
were C. gapperi dominant over C. rutilus; and 13 pairs could 
not be classified. Dominants were defined on the basis of 
which individuals had significantly more wins than losses 
over their opponents, as indicated by the chi-squared test 
(or Fisher's exact test where numbers were small). 

The next test I carried out was to see if there was 


a Significant difference in the total number of encounters 
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between inter- and intraspecific pairs of voles within 

each. trial @labler ISA) eek also testedstotsec Aiethereiwas 
a Significant difference in the proportions of encounters 
which comprised mutual avoidance compared to wins/losses 
(Table 13B). I had postulated that even if the two species 
do not become segregated by direct aggression, then the 
number and/or type of interactions between the species 
would differ from that exhibited within each species. As 
ean~bewseen from Table 13, however, there 2s no~evidence 

to suggest that the number of encounters was reduced (or 
increased) between species, or that the incidence of mutual 
avoidance was any different inter- or intraspecifically. 
Indeed, the impression gained from the data is that the 
majority of voles simply do not exhibit very strong segre- 
gational behavior. 

Working with the null hypothesis that the proportions 
would be the same inter- and intraspecifically, I pooled 
figures from the four trial combinations, and analysed num- 
bers of mutual avoidance relative to wins/losses (Table 14). 
Statistically significant differences in proportions of 
these two groups of encounters were found in only three 
comparisons. The differences shown confirm earlier re- 
suLte=sthateCerqapperl iseatiected by the™presence ofec: 
rutilus, the incidence of mutual avoidance being much lower 
than that for species-true trials. If the behavioral 


strategies of the two species were dissimilar, a difference 


sew ovedd Ai Ode OF bedged oBls I. .(AEL ofc 
axedauoone 10 snettzeqoxg edd at sonexe2ib Jasoitingia 6 
eoeeot\eniw o2 bexsquop eonsbiows Leutum bee tsamoo. doise 
ceisege ows ef3 Ri cove ddd Sedsingeog bed I. .(AELefdar) 
end neds ,poiacespps soetib yd betepesese ~~ 
eetzage orld seowted ancisosisini to eqys x0\bas seca 7) 7 
eA .aeinege dose aiddiw botiditixe deft moxt zettLb bivow — 
aofebive on et exedt ,xeveword .EL elds? mos fesse ed 169 q 
xo) bepubss esw exresnuoons to xedmwa edd Jens seopoue oo 
isutum to sonebioni elt gedd xo \oineqe assewdsed (bessoxoak - 
.Yilsoitioegesusai to -xedni siaexeitth yas esw consblove | , 
etd gods et 638 oft mort bonisp noteacszqmi ond eater o 
-srpse pmozrse yiev tidisdxe ton ob yiqmie 2elov io vstxotem 7 
.toiverded isnokteg 3 
anoisyeqo1rq eds stadt ebeedsogys Liana oils djtiw paixtow ; iy - 
beLoog I \¥ilsoitinegssrsai bree -1eIni emse ait od bivow 
mn boay fens bas sHhoktep deine {eiuxd 1002 edt mox2 ee 
(AL oldest) eaueot\eriiw os evisslex coashiows Leuium 20 ax 4 
to enoktrogouq ai esonsre2tib jasoitiapte \ibsokset sage 
sould yao mt Bayo 2x6 exemucose 0 equowy ow? 9% ots 
“8 xeiliss mites aworle epanpensalh od? nae as: se : 
12 20 epnoseng odd yd bosoo¥te ei tsoaase -: eh ae 
sewol oon gabe! beater fsvsum 20 garebiont -9A3 | 


ir 
eutd-eolc a x0? da 
ie vases seve ang 


Sul 


Table 13. Pairs of male voles engaging in significantly 
different numbers of encounters (A) and incidence 
of mutual avoidance (B) compared to wins and 
losses, according to interspecific and intra-— 
Specitie encounters. (Data from’ trials using 
mS Ceisrerl as INGA sabbeslievics tiqiel IkC4 vefelojeievarl ia AC 
rutilus, significance established by Chi-squared 


testo 0.05): 


"NUMBERS OF 
(A) NUMBERS OF ENCOUNTERS, E VOLE PAIRS 
NUMBERS INTERSPECIFIC E >NUMBERS INTRASPECIFIC E 5 
NUMBERS INTERSPECIFIC E< NUMBERS INTRASPECIFIC E 6 
NO DIFFERENCE IN NUMBERS INTER- OR INTRASPECIFIC E 12 
VOLE PAIRS WITH INSUFFICIENT INTERACTIONS Hf 
(B)INCIDENCE OF MUTUAL AVOIDANCE COMPARED 

TO WINS/LOSSES 

MUTUAL AVOIDANCE GREATER IN INTERSPECIFIC E ib 
MUTUAL AVOIDANCE LOWER IN INTERSPECIFIC E ) 
NO DIFFERENCE BETWEEN MUTUAL AVOIDANCE 
AND WINS/LOSSES vy, 


VOLE PAIRS WITH INSUFFICIENT INTERACTIONS 6 
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between the two species-true groups would have been expec- 
ted, but this was not so, mainly because of the low number 
or encounters which’*C.’ rutilus experienced. A’ difference 
is evident between C. gapperi in species-true trials and 
rutilus/rutilus encounters in the gapperi/rutilus/rutilus 
trials, however. The only conclusions I can tentatively 
draw from these data are that C. gapperi appear to exhibit 
a greater frequency of mutual avoidance in their encounters 
Wile mG, Sen Esugiey- and that when the overall Beh esl (rl chy aprep ai Ge 
gapperi is depressed by the presence of C. rutilus, a 
greater proportion of encounters is composed of wins/ 
losses. In a sense, then, depression in activity of C. 
gapperi could be regarded as a form of avoidance behavior 
in response to C. rutilus and when encounters do occur, 


fight or flight are the oniy alternatives. 


(f£) Index of Aggression 

In the preceding section, I analysed encounters simply 
on the basis of wins, losses and mutual avoidance; I also 
noted that, compared to the behavioral observations of others, 
the frequency of overtly aggressive actsS was very low, such 
that dominance could only be ascribed to about one third 
of the male voles. Since aggression is made up of more 
components than just fighting, it is useful to consider 
other, less obvious, aggressive acts and, by using these 


behavioral characters together, to produce some cumulative 
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measure, or index, of aggression. Other workers have 

used various approaches to describe the behavioral compon- 
ents that make up aggression. Healey (1967) used the total 
ofrthreats.and chases,to measure aggression in Peromyscus, 
while Krebs (1970) used attacks per approach in Microtus. 
Turner and Iverson (1973) used mutual uprights, threats, 
fights and vocalizations to describe an index of aggression, 
and also weighted the acts according to frequency of occur- 
rence. Working with C. gapperi, Mihok (1976) recognised 
seven behavioral characters associated with aggression and 
defined an index of dominance according to those and other 
Pac LOGS. 

Scent-marking, although relatively infrequent, appeared 
to be a characteristic of dominant voles. I found scent- 
marking more often among dominant and intermediate voles, 
i.e. those which were dominant to at least one other vole 
in a triplet, than among subordinate voles (14 out of 22 
compared to 2 out of 14), with few of the unclassifiable 
voles marking (six out of 35). Thus, while the occurrence 
of scent-marking in Clethrionomys may be ee een with 
dominance «Lt. cannot, on.its,.own, ,.be used as a measure of 
individual status within a heirarchy. 

Of nine characters possibly associated with aggression 
(stare),.approach; attack, chase, ,flee, avoid, ignore, move 
to other pen and scent-mark), I found only four that were 


strongly associated with dominance and aggressiveness. 
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When tested by a Chi-squared test, the numbers of acts dis- 
played by dominant voles compared to subordinate voles were 
Significantly greater than that expected if the characters 
were not associated with individual status (Chi-squared 
values: approach = 40.36, attack = 12.52, chase = 108.98, 
scent-mark = fete: p<0.001 in all cases). The relative fre- 
quency of each aggressive act in each vole-pair per trial was 
then subjected to discriminant function analysis and the mean 
discriminant function for each of the four factors calculated. 
I determined the index of aggression for each vole by multi- 
plying the number of occurrences of each aggressive act by its 
discriminant function and summing the four resultant vaiues. 
Thus each vole had two indices of aggression, one for each 
set of interactions with the other two voles in the triplet. 
I grouped the indices of aggression for individuals 
from each species combination in the behavior trials, and 
found that these values varied significantly (F = 3.73, 
di =s/ 136," p=— 0,01). While tnere,was aatrendsfromsemaxi— 
mum aggression in C. gapperi to a minimum in C. rutilus 
(Table 15), only pairs of C. gapperi in species-true trials 
were Significantly more aggressive than other pairs accord- 
ing to Duncans' multiple range test. However, when aggres-— 
Sion indices of the four possible pairs were pooled, I 
found that not only was C. gapperi considerably more aggres- 
Sive than C. rutilus in species-true trials but, in inter- 


Specific trials, aggressiveness of the former was decreased 
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Mean index of aggression (+ S-E.) for inter- 


and intraspecific encounters. between C. gapperi 


and Ge SUC LUs accoud TNO eLOr tle LOUre trial 


triplets, 


as derived from discriminant function 


analysis of aggressive acts. Numbers in paren- 


theses indicate sample size. 


VOLE PAIR 


CG vs 
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MEAN 


OZL6 


INDEX OF AGGRESSION 


(36 ) 
4.75 + 0.96 (48) 
Cr?) 
ee 
1.53 + 0.51 (24) 
(12) 
(12) 
1.95 + 0.56 (24) 
(12) 
(12') 
| 0.69 + 0.19 (48) 
(36). 
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while that of the latter was increased (Table 15). These 
figures are similar to those obtained from inter-trial com- 
parisons of levels of activity and numbers of encounters 
(Tables 7, 9 and 10). Furthermore, the indices of agres- 
sion for interspecific encounters indicate that neither 
Species is significantly more aggressive towards the other. 
Although the difference is not statistically significant, 
intraspecific aggression appears to be greater than inter- 
specific aggression in C. gapperi in 2CG1ICR trials, while 
in C. rutilus both inter- and intraspecific aggression are 
approximately equal in 2CG1CR and 1CG2CR trials. 

Once again it could be construed that the index of 
aggression simply reflects the different level of activity 
of each species; a pooling of data from all trials cer- 
tainly shows a strong correlation between number of minutes 
voles spent together and mean index of aggression of the 
Piteneceinge voles (rt u—30.577 7) OLe—/O0p p= O,U0L). soince 
C. gapperi had high scores for aggression and minutes to- 
gether, and C. rutilus had low scores for the same factors, 
a strong correlation between the two factors is hardly sur- 
prising. When tested in separate trial groups, however, 
only two of the six trial conditions appear to be corre- 
Patede (CGrxe CG: PGCCGCG {r= CSO lb rare elo ype Oa CCCCCR 
ree Sol dt =) 4. 7 0nt 7 CG XMCR.  CSCGCR el 0.699, af 
= 10, p<0.02; CGCRCR r = 0.712, df = LO v0 Ole eeC ha xe. 


CGGRCR tm ="0 woo, Of 64,0 0.0 CROR CRE ra = 0730) ub elo, 
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p-O0.1). “Thus I would say"that index of aggmeesston rs", 

at best, only weakly correlated with activity and that the 
differences in aggression in the different trials are not 
unduly biased by differences in activity. Although Lager- 
Spetz (1969) and Healey (1967) observed that more active 
animals tended to be more aggressive, Krebs (1970) found 
no correlation between the two. 

Since values of discriminant functions for the four 
aggressive acts were derived from confirmed dominant and 
subordinate voles, it would seem reasonable that unclassi- 
fied pairs of voles which displayed a similar difference 
in their respective discriminant functions could also be 
assigned as dominant or subordinate animals. Although 
there was a considerable overlap of discriminant functions 
in the dominant group, all subordinate voles were clustered 
at the low end of the scale and I was able to select a 
minimum value for dominants and a maximum value for sub-— 
ordinates which segregated 95% of known voles with which 
to Separate the unknowns. Six pairs of C. gapperi and one 
pair of C. rutilus from species-true trials were assigned, 
while only two more pairs of voles from interspecific trials 
were assigned, one with C. gapperi dominant to C. rutilus 
and one vice versa. Thus no great differences in dominance 
relations were exposed by taking into account several com- 
ponents of aggresssion instead of merely wins and losses, 


and 38 of the 72 pairs of voles remain unclassified, which 
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further supports my contention that neither species has a 


strong competitive advantage over the other in encounters. 


(g) Wounding Data 

Several studies have indicated an association between 
the levels of wounding and aggressive behavior in small 
mammals, which may in turn be a function of density (Clarke 
1956, Rowe et al. 1964, Christian 1971) or season (Lidicker 
1973, Turner and Iverson 1973). More recently, Rose and 
Gaines (1976) have observed that sex, body weight, repro- 
ductive condition and season all have an effect on patterns 
of wounding in two sympatric species of Microtus. Thus it 
would seem worthwhile to make an examination of the wounding 
data, On the two Species’ of Clethrionomys. 

i vexamined the skans Of /8eC. igapperi, and 35 CC nautilus, 
including 80 of the 108 animals used in behavior trials, and 
tallied the number of bites sustained by each individual. 
Although subordinate voles appeared to have a greater num- 
ber of bites than dominants, the difference was not sta- 
tCistically Signiticant, (dominants =) 9°40 4+°2292, subordin— 
atese= lO 0/3 6b 4.32, t= ae dfii= 34, p>0.1). Many of 
the wounds were obviously old (and so were most likely re- 
Celvedserilor LomCapeure), \DUtuLUnlS nOle poss. D1 6 stORve 
certain en many of the wounds were inflicted, some prob- 
ably being sustained during the behavior trials and some 
afterwards when the voles were placed in breeding pairs. 


Therefore no correlation between rank and wounding is to be 
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expected. 

The mean number of bites for C. gapperi was 10.23 + 
feo Nga oO) rand srOreC uw rutilis: Was Oeol tel spo nes o>), 
which tends bo support the notion thatec, rutrius 1s the 
less aggressive of the two species; the difference, how- 
ever, 92S Ovestatisticallyasigniiicant s(t ol, aL = Lol, 
p>0O.1). Since females are generally acknowledged to be 
less aggressive than males (except possibly when pregnant ) 
I then considered the two sexes separately. C. gapperi 
males had a mean of 11.29 + 1.98 bites (n = 48) and females 
Madeo,oonieze 0 Drites (ne= 930) °) Co eruttlussemales nad, 6.52 + 
1.84 bites (n=48) and females had 7.41 + 2.72 bites (n=27). 


Once again, although the trend is apparent for C. gapperi 


males to have sustained more bites than females, and C. 
gapperi more bites than C. rutilus, none of the figures 
are statistically significant according to the t-test 
(C. gq. males versus C. gq. females: t = 0.87, df = 76, 

i Oe ecru reales *"VELSUSEC. cee lenales. ta O725,.0L.— 
83, p>oo.l, Ge q.amalessversus Ce n.ymales: t =9l576, sdf 
——I47=p0.05, 9c. GO. Lemales versus CC. 45. LCemales: t= 
G50, abe =s05 espe Osl). 

As already mentioned, level of wounding has been cor- 
related with population density, so I have further broken 
down the data into groups according to whether the voles 
came from the increase, peak or decline phases of the popu- 


lation (Table 16). Unfortunately, by the time the data are 
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Mean’ (+ S.E.) number of wounds sustained by C. 


dapperleandec srblus according tor autopsy data 


on voles from the increase, peak and decline 


phases of the population. 


indicate sample size. 
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subdivided again to sex, the samples become so small and 
the amount of within-group variation so large that there 
is no significant difference between any of the groups, as 
indicated by Duncan's multiple range test. If the data 
for males and females are pooled for each species in each 
population phase, however, some éciggaulasteare differences do 
become apparent. According to Duncan's multiple range 
test, C. gapperi from the peak population had significantly 
more wounds than those from either increase or decline 
populations, while C. rutilus had significantly fewer wounds 
in the increase phase than in the other population phases. 
The lack of statistical significance in many of these 
data is aggravated by the fact that each category contains 
a variable proportion of animals with no bites, thereby 
reducing the degree of difference in the mean bite numbers 
as contributed by individuals with differing numbers of 
bites. Because of this fact, I decided to classify voles 
into three groups according to the severity of wounding 
(Figure 9). Inter-group comparisons of the numbers of voles 
occurring in each wounding class were made by Chi-squared 
test (Table 17). As can be seen, C. rutilus in all phases 
of the population tended to have a greater proportion of 
individuals with no bites than C. gapperi. Wounding sever- 
ity increased markedly in C. gapperi from the increase to 
the peak phase and then returned to the pre-peak level in 


the decline phase. In C. rutilus, wounding increased in a 
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Similar fashion, albeit at a much lower level of severity, 
but did not return to the pre-peak level in the decline 
phase, such that a significant difference remained between 
the increase and decline wounding figures. 

Thus the observation of a lower incidence of wounding 
in C. rutilus than C. gapperi appears to be generally con- 
firmed. The higher levels of wounding, both in mean num- 
bers of bites and proportion of severely-wounded animals, 
during the peak phase than at other phases of the population 
could be attributed to a preponderance of aggressive indi- 
viduals in the population (Chitty 1967, Krebs 1970). How- 
ever, I found no correlation between number of wounds and 
index ol aqddression for individual woles ur = 0,024.4 bh. = 
OLS melt i Sty Os) PEE ae poset ble. that inevroes cod 
wounding was achieved simply by the increased frequency of 
encounters with other individuals, rather than an increase 
in aggressiveness per se (Clarke 1955, Archer 1970, Chris- 
tian 1971). Considering that densities at peak populations 
in this area are still far below those found further south 
(Krebs and Myers 1974), I feel that wounding data here 
probably reflect an increased frequency of encounters 
rather than an increase in aggressiveness, or proportion 
of aggressive animals in the population. The lack of cor- 
relation between numbers of wounds and genotype (see sec- 
tion on effects of genotype on behavior) tends to support 


this argument. 
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(h) Effects of Genotype and Population Phase on Behavior 

If aggressive behavior is involved in the regulation 
of population size in small mammals (Chitty 1967), species 
that eso it periodic fluctuations in numbers should show 
parallel fluctuations in behavior. Chitty (1960) also pro- 
posed that a decrease in the fitness of individuals at the 
peak phase of a population cycle could bring about a de- 
cline in that population. A genetic basis to these possible 
regulatory agents has been hypothesized (Krebs et al. 1973) 
and although Sree for this idea has been reported for cer- 
tain populations (Myers and Krebs 1971, Myers 1974), the con- 
nection between genotype and behavior cannot always be made 
(Krebs 1970, Blackwell and Ramsey 1972, Garten 1976). In 
laboratory populations, where conditions can be carefully 
controlled, the effects genotype (Abeelen 1966, Gervais 
1976), prior experience (Henderson 1967), maturation 
(Christian 1971), or a combination of these factors (Lager- 
Spetz 1969) on individual behavior have certainly been 
demonstrated. Thus it is important to know if such changes 
were apparent in my trials at the Kakisa River, and whether 
they affected the outcome of the inter- and intraspecific 
behavior. 

The voles I used in behavior trials came from popula- 
PL onSe borne ne s.9,/ Spm 74 and. 10/75 esos neacs Individuals 
from increase, peak and decline phases of the population, 


as defined by Krebs and Myers (1974), were included. Num- 
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bers of voles born in each phase were as follows; in- 
Grease: 3 Ge tUti lus, speak: wero. appeals rutilus, 
decline; 14° C.»gapperi’ +185C. rutilusi. Since there were 
but three voles from the increase phase of the population, 
t considered individuals from the other two phases only. 
Animals born into the peak phase appeared to exhibit 

NGG Teh higher levels of activity in terms of distance 
moved, minutes active and numbers of encounters per 8-hour 
activity period, but the difference was not significant 
according to t-tests applied. Peak and decline phase 
animals were also found to exhibit no significant differ- 
ences in index of aggression (C. gapperi: peak = 4.31 + 
iy 40 pedectine== 2.67 "+°0.94, t= 0.86, di = 34, p>O0.; 

Coe cUuGnLus t= fpeake=" 153" 40 249, “decline = 0.90 + 0.25, 
hee Oma leo) to Osh). 

t should be noted that a few animals used in behavior 
trials during the peak year (1974) were overwintered animals 
born in 1973, and so were increase p ase members, whereas 
young-of-the-year were peak phase members. A number of 
voles used during the decline year (1975) were overwintered 
animals born into the peak phase of the population, i.e. 
during late summer 1974. Since most of the wild voles 
in the peak population died during the winter of 1974-5, 
the small portion that survived into the summer of 1975, 
and which formed the bulk of behavior trial animals in 


1975, was presumably a particular remnant of the peak pop- 
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ULation.! In other words, having survived the selection 
pressures of the post-peak period, these individuals are 
probably not typical of peak phase animals. If this is. 
so, then the lack of significant differences I observed in 
activity and aggression between voles from different popu- 
lation phases does not necessarily conflict with the ere 
ings of Krebs and others, 

Having stated that the effect of population phase is 
probably not operative in this instance, then, of what con- 
sequence is genotype as indicated by homo- and heterozygos- 
ity in transferrins, on individual behavior? Since the inci- 
dence of transferrin Heenan pesaaies Phe Coma et USmpOpm aL Tons 
is relatively low (Canham and Cameron 1972), and noting that 
activity and encounters were too few to observe significant 
differences within members of this species, I have confined 
MymabLenit lon utoudatasonsC egapperi.) sntortunate] ye lvonly 
obtained sera from 29 of the 35 C. gapperi used in behavior 
trialseuloshomozyqous, al 3 heterozygous), buts. Jn -spitesor 
the small sample, I found some interesting results. 

First of all, for those individuals for which both 
Serum and hierarchy information was available, there are 
insufficient data to show any dominance advantage of one 
genotype over the other (dominants: 4 homo + 1 hetero: 
intermediates: 1 homo + 1 hetero; subordinates: 2 homo 
+ 2 hetero). I then pooled indices of aggression for the 


two genotypes, and found no difference in levels of aggres- 
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Sion (homo = 4.93 + 1.88, hetero = 3.06 tT Oss, fb = O.Go, 
qi ="27; p>O0.1). “However, when I looked’ at numbers of 
wins, losses and neutral encounters and levels of activity 
of the two genotypes, I found that there was a significant 
difference in proportions of encounters (wins/losses/neutral: 
MOmMoOs-— 1967/146/22/7 ,enevero = 'o07oo7 oo, Chi squared = 28.76, 
d£-= 2, p<0.001), althougn no significant differences were 
apparent in mean distance moved and mean minutes active 
(distance moved: .homo = 909 + 175, hetero = 714 + 80, t = 
0.94, Los 2/7). 0.7.0.1? MI RUces saCeLy co wmlOmog=L 63 es) LO, 
NeCeT Oe Lov, 12 tes Zoi 2) eID > Olly). me lnuce there 
appears to be a tendency for homozygous voles to win more 
encounters than heterozygous voles, which is consistent 
with the hypothesis that homozygotes are the more aggressive 
type (Myers and Krebs 1971, Krebs et al. 1973, Myers 1974), 
although other measures of aggression and activity do not 
Sg ojmergi.g tals eys hare 

Taking sera data from C. gapperi according to which 
year they were born in, whether used in behavior trials or 
not, I found no significant difference in numbers of indi- 
viduals which were homozygous or heterozygous for transfer- 
fins (1973: homo = 8, hetero = 7: 1974: homo = 15, hetero 


16; 1975: homo = 8, hetero = 12; Chi-squared = 0.66, df 


2,,p,70.1). Admittedly, the sample size is small, yet it 
indicates no trend towards homozygotes in the peak and 


heterozygotes in the decline phases of the population, as 
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suggested by others (Canham 1969, Tamarin and Krebs 1969 
and s19 73, sGaines sand skrnebss 1971) & sift Touregqroupsthe yfiigures 
and pool three years' data according to age, .there is a 
suggestion of a difference in proportions among young-of- 
the-year (overwintered: homo = 22, hetero = 21 young-of- 
the—vear = homo. —69 hetero, =e) sea lL nougn ute Wd wiseeerence 
Ueast eI notmseatiscticaliyvesi on Picante Ch —sovarcd’=—s0580, 
be <3 1A je POA 

Although I have dealt with the wounding data more fully 
in another section, I have pooled all the information here 
on the number of bites sustained for the two genotypes of 
CA Oa pve peas With whe secre Lyedeava pe cierco TS unoms ond fi — 


cant difference between the two groups for mean number of 


Di tess honor = lise 2 be hel evora Is Oicwee. 15) bes 019; 

df = 56, p>0O.1), or between numbers of voles in the three 
wounding classes (homo/hetero: 0O wounds = 11/11, moderate 
wound indu="o/l35 (severe woundinge—90/e+8 Chi—soquarecdy=.0)/3;, 
Git= 2p > Osl)igitinese findings -arer contrary (Conwnat one 
would expect if one genotype were more aggressive than the 
other. 

From the foregoing considerations, then, I do not feel 
that population phase has influenced the trials sufficiently 
to affect the comparison of the behavior of the two species. 
While there is some suggestion from my data that genic het- 
erozygosity does affect aggressiveness in Clethrionomys, 


numbers of each genotype were sufficiently dispersed among 
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the different trial conditions to ensure that very little 
bias would result. Also, by confining my behavioral ob- 
servations to the summer months, I was utilizing only re- 
productively active individuals, so that I avoided the 
problem of decreased aggression associated with non-repro- 


ductive periods of the year (Turner and Iverson 1973). 


(i) had.o Telemetry Study 

Between 4 January and 11 June 1975, a total of 24 
Clethrionomys, comprising 8 male and 5 female C. gapperi and 
7 male and 4 female C. rutilus, were introduced into the 
radio-tracking enclosure. Of these 24 voles, only five 
were tracked with any degree of success since, even with 
prior acclimation in the laboratory, many voles died from 
thermal shock only hours after the commencement of tracking. 
Other tracking trials failed because of faulty transmitters 
and, in a few instances, because the vole managed to slip 
Oub Of thesradl lOscollar.. Due tovasmallunction ini tie radio 
receiver system, I was unable to track two voles simultan- 
SQuslLy puso Ll cidenot, oblainvany data, on the interaction oL 
the two species under an aad Beene snow layer in winter. 
I was able to collect some information on the activity 
patterns of the five voles mentioned above, however, and 
those data are included in the section on circadian and 
short-term rhythms (q.v.). 


During the course of the radio telemetry study I ex- 
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perienced difficulty in recapturing certain individuals 
after they had been released into the enclosure. Ten voles 
were recaptured within 3 days of the traps being set at the 
perimeter of the enclosure, but two C. rutilus males and 
one C. gapperi male were not recaptured until 54, 42 and 

22 days respectively after being introduced into the en- 
closure. The 54-day C. rutilus male was recaptured with 

a female C. gapperi, and the 22-day C. gapperi male was 
recaptured! with, afemale Cirxrutidus.97 Both: the; females 

had been introduced (at different times) into the enclosure 
some while after the males, when I had assumed that the 
other voles had died. There is evidence that during the 
winter C. gapperi tend to huddle as a means of increasing 
the efficiency of thermoregulation (Friesen 1972, Stebbins 
1972, Herman 1975), and thus there would be a corresponding 
decrease in intraspecific aggression. It is interesting to 
note, therefore, that two species which normally exhibit a 
high degree of mutual avoidance in summer should be found 


occupying the same trap in winter. 


(3) Circadian and Short-Term Activity Rhythms 

Small mammals are known to exhibit circadian rhythms, 
and the genus Clethrionomys is no exception to this rule. 
Red-backed voles are generally assumed to be diurnal ani- 
mals (Brown 1956), yet have been shown to display poly- 


phasic diel activity with peaks of activity around dawn 
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and dusk (Miller 1955, Buchalczyk 1964, Karulin et al. 1973). 
The interval between the periods of activity in small mam- 
mals*can vary from 2 to 5 hours, with the duration of the 
activity period in C. glareolus reported to range from 0.75 
to 2. Sehnourset Kikkawawlo64)sandestsato! 5. Spnourst (Karulain 
et al. 1973). It has also been recognised, however, that 
circadian rhythms vary according to the season, in response 
to change in photoperiod (Erkinaro 1961), or latitude 
(CStebbinselo74))Sworetboth (Erkinarot1o7erestebbins41972). 
What information can I derive from my data regarding short- 
term activity periods and circadian rhythms in Clethrionomys, 
and to what extent are the behavioral experiments affected 
by seasonal shifts in circadian rhythms? 

Although I was unable to obtain any information on 
Species interactions during the winter by means of the 
radio telemetry system at Heart Lake, I did gather some 
data on the activity of individual voles. The data cover 
an 8-week period from early February to early April, 1975, 
during which time the snow depth varied from 48 cm to 64 cm 
and subnivean temperatures ranged between Soscaanda=4-ct 
In other words, the subnivean environment was relatively 
stable with little variation in temperature and a sufficient 
depth of snow to prevent light penetration (Evernden and 
Fuller 1972). Individual voles were tracked for the life- 
time of the transmitter battery, which was generally 4 days, 


although one battery lasted only 3 days and another lasted 
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for 2. Activity over a 24-hour cycle was calculated from 
the mean number of 15 minute periods in each hour in which 
movement of an individual was noted, averaged over the 
number of days that it was tracked (Figure 10). 

The first thing that is immediately apparent is the 
polyphasic nature of vole activity, with no strong trend 
towards diurnal or nocturnal peaks. These data contrast 
with the findings of Stebbins (1968), who claimed that C. 
gapperi are nocturnal in winter, and Friesen (1972) and 
Herman (1975) who maintained that they are diurnal. The 
discrepancy probably arises from the fact that Stebbins' 
only winter observations at Heart Lake were during Novem- 
ber and December, before sufficient snow had accumulated 
to bring about Light extinction,” thus photopericd could 
still act as a zeitgeber (Aschoff 1960). During late win- 
ter and spring, Herman (1975) showed that C. gapperi tended 
to revert to nocturnal and crepuscular activity once more, 
the normal pattern of activity during summer, which Friesen 
(LO7 2) andeStebpbins (1972) also found. 

Thevsinglesactivity trace Sorc. auc ius appears to 
follow the same polyphasic trend as that’ in C. gapperi, 
which agrees with Stebbins (1972), and suggests a basic 
similarity in activity rhythms of the two species. When 
tne individual activity patterns for C. Gapperl are pooled, 
a strikingly regular pattern of peaks of activity at 4- 


hour intervals emerges, as has been found in other winter 
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Figure 10. Individual activity patterns for AIC adanoerd 


and 1 Cc. rutilus based on mean number of 15- 
minute periods active per hour over the 4 day 
tracking period, and pooled activity for Ce 
gapperi as revealed by radio-tracking at Heart 
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data from Heart Lake (Friesen 1972, Herman 1975). 

T conducted” all observations on behavior of Ce gapperi 
and C; rutilus between Ist June”and” 24th’ August. Since 
these observations were only composed of two 4-hour periods 
for the individuals concerned, it is difficult to relate 
them to circadian rhythms; I have represented the activity 
rhythms for C. gapperi and C. rutilus over the summer in 
Six time periods of 15-16 days as a mean of the cumulative 
individuals figures, according: to minuces active: (figure 11) 
and distance moved (Figure 12). In calculating these 
figures, I have not accounted for the proportions of the 
different combinations of the two species involved in the 
Six time periods, although I recognise that such combin- 
ations affect the activity of the individuals concerned. 
Thus the differences in levels of activity between time 
periods should not be dwelt upon, except to say that activ- 
ity appears to be lower in late summer than early summer, 
Dessibly acs a result of therdecline in reproductivesactivity 
in the populations. 

The most notable feature in both figures is the way 
in which both species display similar fluctuations of 
activity in each time period, with C. rutilus continually 
exhibiting a lower level of activity than) CC. Gapperz. 11 
Should point out, OL course;, that. activity duxzing Che even— 


ing observation period can scarcely be regarded as normal, 
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Figure 11. Mean number of minutes active per 15 minute 
period for C. gapperi (solid line) and C. 
rutilus (dotted line) according to time of 
year when observations were conducted. 

Data compiled from activity of males and 
females. Numbers in parentheses indicate 


sample size. 
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Figure 12. 


Mean distance moved in metres per L5 minute 
period for C. gapperi (solid line) and C. 
rutilus (dotted line) according to t1me, OL 
year when observations were conducted. Data 
compiled from activity of males and females. 


Numbers in parentheses indicate sample size. 
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Since voles, freshly introduced into a new environment, 
were all in an excited state and were spending the first 
hour or two exploring. After this large peak of activity, 
most reniee settled down to a lower level of activity, one 
which I presume approximated more closely their normal 
activity level. 

The levels of activity observed the following morning 
were lower than those of the evening session in all periods, 
except for C. gapperi in early June. In terms of minutes 
active, the reduction in activity for all other periods 
ranged from 65% to 25% of the previous evening's level, and 
in all periods the reduction in activity was significantly 
GOreaters(Chi—square,.p=— 0.025) (in Ce nue uss tianit was in 
C. gapperi. The same reduction was found for the distance 
Moviecubyec. subLLiuSs, thus) lending sturther, support slosthc 
hypothesis that C. qapperi is the more semotional | ot the 
two species and seemed to settle down in confinement less 
reacdi Ly) than, Carutilus. 

It is difficult to detect any definite peaks of short-— 
term activity in any of the graphs. ndeed, it would be 
surprising if they were detectable, since the 4-hour obser- 
vation period might at best coincide with two such peaks or, 
more likely, only a single peak. Other studies have indi- 
cated that maximal peaks of summer activity in Clethrionomys 
occur between dusk and dawn (Miller 1955, Friesen 1972, 


Stebbins 1972, Herman 1975), although the study by Buch- 
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alczyk (1964) suggested strong nocturnal activity during 
August, but no diurnal/nocturnal preference in July or Sept- 
ember. At no time did my observations cover the time be— 
tween sunset and sunrise, direct observations not being 
possible at such time of course, hence no peaks of maximal 
activity were seen. 

Considering these factors, I feel that the seasonal 
Sar rerohraclivercy p "Which tis serkely Poccuring sairineg tie 
summer period when my observations were made, was not suf- 
ficiently great to prejudice the outcome of the trials using 
different combinations of voles. Although the onset of 
light and dark periods is known to be involved in the com- 
mencement and cessation of peaks of activity (Erkinaro 1972, 
Friesen 1972, Herman 1975, Lehmann 1976), the occurrence of 
smaller bursts of activity and resting appear to alternate 
more or less regularly, regardless of season. If one ig- 
nores such major peaks in Friesen's data, for instance, a 
more or less regular scatter of minor peaks at any time of 
the year may be seen, much as the peaks of activity appear 
tobe" distributed “in my own data (Figures > 1l-and%12)>% 

One should be extremely careful not to consider short- 
term and circadian rhythms in complete isolation from each 
iste HowereD, Since there is evidence to show that the 


latter is indeed based on the former (Stebbins 1975, .Leh- 
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DISCUSSION 


The concepts of allopatry and sympatry, as they re- 
late to distribution of species, can be readily envisaged. 
One can easily understand development and perpetuation of 
distinct species in instances of geographic isolation. 
Furthermore, when range overlap is observed between two 
closely related species, closer examination often reveals 
niche segregation based on allocation of temporal, spatial 
or resource components. The dynamics of parapatry, on 
the other hand, are much more difficult to conceptualize. 
What factors influence the contiguity of two species such 
that range extension and overlap are seemingly obviated? 
Inguiries of this nature are often Peretyateas sadly, the 
gaze of the inquirer must be restricted to but a brief 
moment in time. Any view of species distribution must 
take into account the temporal component of speciation. 
This study revolves around the problem of parapatry, illus- 
trated in this instance by two closely related species, 
Clethrionomys gapperi and C. rutilus. On the basis of my 
investigations of their present status, and with due re- 
gard to aspects of their past history, iI have attempted to 
characterize this parapatric relationship. 


One of the first things I was able to discover was 
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that C. gapperi and C. rutilus are not only capable of 
crossing the Kakisa River, but have been doing so for at 
least sixteen years, and probably much longer. Contrary 
to expectations, there is no evidence to suggest that mi- 
gration is more frequent in one direction than the other, 
even though pen studies indicated a much higher level of 
activity in C. gapperi. My observations of different 
levels of activity of the two species agree with the find- 
ings of Murie and Dickinson (1973), who also suggested 
that Wow activity _evelstim Cau hustcouldbe an adap— 
tation for reducing energy expenditure which would place 
them at an increasing competitive advantage to C. gapperi 
along a latitudinal gradient northward. However, the 
greater distance covered by C. gapperi in the pens did not 
appear to be matched by a greater distance moved on the 
live-trap plot. It could be that this higher level of 
activ py SoniC-a ig apperis was* mer aiytanlariitaer “of Wis tessperd — 
mentvalA*situation, but af 'so" why was®cCe rutmius Noted eéted 
in a similar way? Even under such conditions of artifici- 
ality, ‘then, there appears to bea ‘discernible ‘difference 
in the behavioral constitution of the two species. 

An interesting aspect of behavioral interactions of 
these species is that the relatively docile C. rutilus was 
more frequently dominant over the more aggressive C. gapperi 


in interspecific encounters, and restricted the movement of 
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the latter. Getz (1962) observed a similar situation in 
Microtus pennsylvanicus, which was subordinate to the less 
aggressive M. ochrogaster. It has been suggested that 
competition between these two species of Microtus has been 
thermain factor: limiting the distribution of the two 
Species (Findley 1954). However, Findley indicated that 
optimal habitat was different for each species, so that 
each could occupy a variety of habitats in allopatry, but 
in sympatry the two species were restricted to their opti- 
mal habitats, thus reducing direct competition. A similar 
Situation appears Coeenike between M. pennsylvanicus and 
M. montanus (Douglass 1976). Cy gapperi and Microtus 
pennsylvanicus have been found to exhibit almost total habi- 
tat segregation (Clough 1964, Morriseil969), although of 
greater interest was the fact that M. pennsylvanicus tended 
to restrict the movement of C. gapperi in aspen stands more 
than C. gapperi restricted M. pennsylvanicus in grassland 
(Morris ibid). Restriction of movement of one species by 
another not only limits the range of habitats which either 
Species might occupy, but also affects their survival when 
they do occur in sympatry (Caldwell 1964, Sadleir Ne) Sep 
Investigations of altitudinal zonation in chipmunks 
(Eutamias species) have shown that interspecific aggression 
and habitat preferences serve to reduce species overlap to 


a minimum (Brown 1971, Sheppard 1971, Heller 1971). Inter- 
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estingly enough, it has been suggested that aggression 


has been selected for in two species, E. alpinus and E. 


amoenus, but not in E. minimus because aggressive inter- 
actions in the extreme environment of the hot sagebrush 
desert in which the latter lives are not feasible for 
metabolicureasons, (Heller,197L, Heller and.Gates 1971). 

It may well be that the low level of aggression observed 

in CC. rutilus,could have been selected for during its 
exposure to a more extreme environment in the past. Un- 
fortunately, there is no study of which I am aware in which 
the metabolism of these two species of Clethrionomys has 


been compared, even though the possibility of a physiologi- 


cal difference between C. rutilus and C. gapperi has been 
suggested (Fuller 1969, Murie and Dickinson 1973). Natur- 
ally enough, it is much easier to detect distinct differ- 
ences over short distances where altitudinal change is 
concerned than in my own study area, where there is no such 
zonation of vegetation or climate. 

My data do not provide any evidence for preferential 
traversing of the river during summer or winter, even 
though it might appear that crossing would be facilitated 
by a frozen surface. The impetus to migrate is not equal 
abyald tameseofithe year, of.coursesgas it is during peri- 
ods of high population density and when young voles are 


dispersing from their natal sites that migration is most 


-2 Sas sunigle .2 ,eeioeqe ews ni x02 bedoslee need, asd 
~xeini evieeowps seusced guutaim .¢ at Jon Jud).eungoms 
devidepse tod eft 2o tnomaortvas emexrsxe edd az enokjos 
to% sidiesei jon,o1s sevil wesdsl ens doidw o£ tx0aeb 
-(1IV@L aets> bos 1toll9H ,IV@L refieH) enoessx1 silodsiem 
beyisedo nolesexpps to Level wol oft jsd3 od Liow ysmiodl 
eji paisub 102 Gatoeisa need evad blyce,~ulisux «2; ak 
“MU «=. desq oft ai Jnomnotivae emeigxe siom 6 OF exyeogxe 
foindw oi stews mp I dotriw to ybude on 8i exeds ,ylodsnusxot 
aed 3 symnaaiadiem to esloege ows ant 20 meilodstem edt 
| <jatosots 6 to Yilidiesog ons iia neve ,betsqmoo nosed 
need esd issqgsp .2 bob euliius .2 neewied eoners?tib Leo 
~mdeM .(€Vel noenixzold bas sixwM ,€0@L x9livi) heseoppue 
~xeiith jonitekb joeteb o¢ teiese doum ei ti ,tpvone yils 
ei epnsiio Isnibusitis stodw eenngieib drone revo esons 
fove on ei oted3 stew ,sexs ybude mwo ym ai asd benzsonop 
Bs a ee -edamilo xo moistssspev to noLtsnos 
sale clie nail tox sonshive yes ebivoug jon ob s3sb yM 
fisvS ,ieintw yo temme priswb zovixz edt to pntersvext 
bejssilioss ed bivew pmtewoto todd rseqqs tdpim +2 siowods 
isupe jon ei siszpim ot evtegmi ed? .e9slive nesox® 6 yd 
-ixoq paizwb ei Jt es estos to yxdey jens 30 semid Mts gs 
ox eeloy prucy nerdy bap ysieneb agkteleqog pid 0 abo 
Jaom ef noijerpim teqd aexke Leven skedd mos? paiezeqelb 


dae 


129 


likely (Lidicker 1975, Krebs et al. 1976, Hilborn and 
Krebs, 1976). A restriction of juvenile access to traps 
by adult C. gapperi during the summer months was observed 
by Watts (1970b), which suggested that adults promote ju- 
venile dispersal and migration. Dispersal would tend to 
be highest during the breeding season (Turner and Iverson 


1973), when aggression is highest. Iverson and Turner 


(1972) also showed that during the fall, a number of C. gap- 
peri migrated (akb eubo bela grassland habitat normally occu- 
pied by Microtus and were able to coexist through winter under- 
neath the snow. Thus migratory tendencies are probably great- 
est in the summer and fall when the river is still open, and 
are probably reduced in winter when the river is frozen. And- 
rzejewski and Wroctawek (1962) observed that resident C. gilar— 
eolus tended to fill vacant spaces in an area and migrants 
moved on, while Kozakiewicz (1976) noted such vacant spaces 


were filled by migrants, which differed qualitatively from 


residents. It seems likely that invading members of either 


Species would tend to be composed of subordinate, non- 
breeding, non-territorial individuals, which would be the 
least fit type for colonising_a new area,,especially when 
that area is already occupied by a more numerous species 
having very similar needs (Narise 1965). 

Any indication of the optimal time.of year for,river 


crossing could easily be masked by breeding within each 
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group of voles already established in the range of the 
other species. Captures of two or three same-aged indi- 
viduals in the same place and time, suggesting that they 
may well bemiittermates born in the range of the other 
Species, may be an indirect sign of breeding. However, no 


pregnant females of either species have been trapped in 


the range of the other. While there is little direct evi- 
dence of breeding by invading voles, the presence of a num- 
ber of individuals displaying intermediate specific charac-— 
tersesugdcestsathat hybridizationvis occurming. 

A high degree of variation in pelage coloration is 
known for different species of Clethrionomys. My own ob- 
servations of museum specimens collected from other parts 
of the ranges of the two Species in northwestern Canada 
are consistent with these findings. Seasonal variation for 
any given individual may also be expected. However at the 
Kakisa River they appeared remarkably distinctive. On the 
basis of pelage coloration alone, I was able to distinguish 
over 99% of the specimens captured, while in island and 
mainland subspecies of C. glareolus, which differ in size, 
distinction by coat color is not possible (Delaney and Bish- 
op 1960). Identification of a representative sample of C. 
gapperi and C. rutilus was confirmed by laboratory evaluation 
of the post-palatal bridge (Hall and Kelson 1959) and the len- 
gth/width ratio of the nasal foramen. Specimens for which iden- 


tification by pelage coloration was somewhat dubious -were 
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confirmed in the same manner. Thus it would seem that 

there is reasonable segregation of the species on pelage 
characteristics alone. Bolshakov (1963) came to a simi- 

lar conclusion after analysing the pelage coloration of 
Specimens of C. rutilus and C. glareolus from the Preuralia- 
Kiznersk region of Udmurt A.S.S.R., “nee both species 

were found in the same habitat (Bolshakov 1962), in much 

the same way as C. gapperi and C. rutilus are found in 


the-Heart Lake “area (Fudler™19697> Dyke 297)? Im spite 


of possible overlap in pelage characteristics, then, the 


Species appear to have remained relatively distinct. 


From the geographical evidence, is it possible to 
ascribe a time sequence to the events that led to the sep- 
aratbionsof eC. apperi, and) Co sruta lus jandseneir subsequent 
Ee-expansiLonetomtheamepres ente dis Cr bati orig? 

The northern red—-backed vole was first recognised as 

a holarctic species by Coues (1877) and was named Evotomys. 
rutilus. Merriam (1888) regarded the North American form 
as a distinct species from its Eurasian counterpart and 
named it Evotomys dawsoni. The name Clethrionomys was 
given to the erstwhile Evotomys by Palmer (1928) s after 
which five subspecies of the new Clethrionomys dawsoni were 


recognised by Orr (1945), as well as a new species from St. 
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Lawrence Island, C. albiventer. Rausch (1950) considered 
that, on the basis of similarity of skulls and extensive 
Overlap of pelage coloration, C. dawsoni, C. albiventer 
and the Eurasian C. rutilus warranted inclusion in a single 
Species; Co rutilus, differentiated into subspecies either 
side of the Bering Straits and on St. Lawrence Island. 
Manning (1956) reduced the five described North American 
SubSspecres Of Cs futilus FeO two, C. De Cewscois ance Ce. tie 
washburni, and also described a new subspecies, C. r. platy- 
cephalus, from Tuktoyaktuk, Northwest Territories, which 
POre da closer, resemblence to -hureasian  Ssulspectes, OL ac. 
rocrius cilan to the other” North American subspecies. A 
Similar history of naming and renaming has characterised 
C. Gapperz, although the species from the southern Macken- 
zie area has persisted to the present day as C. g. athabas- 
cae, as designated by Preble (1908). It should be remem- 
bered, however, that this subspecies is but one represen- 
tative of a highly polytypic species. The checkered 
career of the taxonomic status of these species, then, be- 
ives therm celose morphnorogical similarity, which 2s also 
born out by their close chromosomal affinities (Rausch 
and Rausch 1975, Nadler et al. 1976). 

Rand (1944) recognised and described C. gapperi and 
Cc. rutilus from within 40 miles of each other along the 


Alaska Highway, and was in no doubt that his specimens 
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were strictly assignable to one or other of the two species. 
Recently, Fuller (1969) showed that these species are para- 
patric at the Kakisa River. Macpherson (1965) also recog- 
nised C. gapperi and C. rutilus as distinct species. How- 
ever, Bee and Hall (1956), on the basis of morphological 
Similarity, considered C. gapperi and C. rutilus to be 
conspecific, a view most recently upheld by Youngman (1975). 
More recently, Bee considered that conspecific status for 
C. gapperi and C. rutilus is less plausible (pers. comm. in 
Nadler et al. 1976). 

Yith regard to the subspecies of C._rutilus, Cc. x. 
platycephalus and C. r. washburni are thought to represent 
relict populations which have become subspeciated from the 
main C. rutilus stock during the Wisconsin glacial period 
in a pair of isolated refugia (Manning 1956). Macpherson 
(1965) regards both subspecies of C. rutilus as having 
originated from a common north Beringian ancestor. Bol- 
shakov and Schwartz (1963) noted a striking similarity be- 
tween Siberian specimens of C. rutilus from the Yamal 
Peninsula and C. r. washburni, lending further support to 
the theory of a common ancestor; however, the evidence 
could also be interpreted as morphological convergence in 
the subspecies. Manning also suggested an alternative for 
tne Orrin of c."t. “platyceplams, LY accidental introduc-— 


tion from Siberia via whaling vessels which called at 
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Tuktoyaktuk. However, at present there is a general con- 
Ssensus that subspecies of C. rutilus arose during the Wis- 
consin glacial period. If this is true, then the specia- 


C. gapperi could well be ascribed 


Dronvoc, Cigrutilus and 
to an earlier, possibly glacial, period (Holland 1958, 
Macpherson 1965). 

Further clues to the ancestry and past distributions 
of species of Clethrionomys may be gained from other species. 


which experienced the same glacial history. Rand (1954) views 


Microtus pennsylvanicus and M. Oeconomus as having been simi- 
larly separated eo the Wisconsin glacial period which, 
unlike Clethrionomys have established broad overlap in 
ranges since the breakdown of geographic barriers, although 
they appear to be Apnea isolated (Cameron 1952). Cor- 
bet (1961) commented that Microtus species tend to be far 
more efficient post-glacial colonizers than Clethrionomys 
Since, as grassland species they would be more adept at in- 
vading tundra areas newly-formed by the retreating ice+sheets. 
This observation is supported by Good (1966), who calculated 
that M. oeconomus invaded new terrain 30 years after deglaci- 


atLouy swhidleeC. inutdlus dtdenotginvade until BOO 7 yeane aber. 


This slower rate of range extension in Clethrionomys during 
post-glacial times has meant that C. gapperi and C. rutilus 
have not yet become ecologically isolated. Steven (1955) came 
to the same conclusion regarding the non-overlap of ranges 


in C. glareolus and C. rutilus in northern Scandinavia, and 
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thought that the northward distribution of C. Qlareolus was, 

like that of C. gapperi, limited by competition with C. rutilus 

rather than by environmental factors. C. rufocanus, on the other 

hand, while overlapping the ranges of both C. glareolus and C. 

rutilus, is a much larger vole than other Clethrionomys spe- 

cies and appears to occupy quite different habitat from, and 

thus competes little with, the parapatric pair (Steven ibid). 
Both pairs of species of Microtus and Clethrionomys 

are known to carry distinct species of fleas (Holland 1958). 

Holland noticed, however, that in their areas of overlap, 

M. pennsylvanicus were sometimes found to be infested with 

a tle spceres NOLMarry aoscGLlarcu witir Mi. OSCONOMIS. =". 

rutilus was found to carry a flea Malaraeus penicilliger 

dissimilis throughout its range in North America (Holland 

ibid); the same species of flea has been discovered on 

Cfeerutilus*from*Kamchatka”(I6ff and*Scanion™1954)~.""In*the 

northern part of its range, C. gapperi’ is*infested-with 

M. p. athabascae, although the differences between this 

Pléea- and¥enescs. rutifus~f leavarermarked*enougn for” Holtand 

ky ROHeNaee them distinct species. “An ‘apparent lack’ of 

divergence of the Asian and North American subspecies of 

i salt mite 1s evrdetced DY their common species of flea; 

by comparison, much greater difference in the flea compli- 

ment of the North American species of Clethrionomys is 

Known. wine “pattern df distribution cf™therr *tieas sug= 


gests, ‘therefore, that these species” or Clethrionomys be= 
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came speciated before the Wisconsin glacial period. It 
is interesting to note, however, that less host-specific 
species of fleas do exist, such as Catallagia dacenkoi, 
which has been collected from C. rutilus in eastern Asia 
(as subspecies G2 di. s10ff) 7) C. gapperi valor (OAS ve bheali luke! tlie! 
North America (as subspecies C. d. fulleri) and even from 
Microtus species (Holland ibid). 

In the light of the ecological aspects of the present- 
day status of these species, what can be learnt from the 
paleontological record? Fossil remains of Clethrionomys 
have b32en collected from early middle Pleistocene (?Kansan) 
deposies in China (Kurtén 1968) and northeastern Siberia 
(Sher 1971), while remains from Illinoian deposits in the lat- 
ter region have been ascribed to C, rutilus, on the basis of 
present distribution, (Vangengeim 1961). | The carliest record 
of Clethrionomys from North America is sot Co qapperi—type re- 
mains from deposits of probable Dllinoian apin Marylawd (Guilday 
Loew Cc eiapperislasedlLsOsbeen hoysonened from Wisconsin deposits 
in Pennsylvania (Hibbard 1958) and other late Pleistocene 
cave deposits in Tennessee, Illinois and Missouri (Guilday 
CL ee LOO 7) eeeHOWeV et farce earliest record of C. rutilus- 
type remains from North America is that of Harington U9 Jal) 
who described specimens from late Pleistocene interglacial 
(?Sangamon) deposits near Old Crow, Yukon Territory. The 


only other report of Clethrionomys remains from sedimentary 
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deposits in eastern Beringia is that of Repenning et al. 
(1964), from the Tofty fauna, Alaska, which is probably of 
postglacial age. 


It should be noted, however, that no method is presently 


Q 


available for separating C. rutilus from C. gapperi and-C. 


glareolus on the basis of skeletal remains alone, so that aoe 
cies assignment has been made purely on the basis of present- 
day distributions. Even the differing skull features of post- 
palatal bridge and nasal foramen cannot be used in most species 
PUeSIeLeLCaLL Ul, =e the only remains that most workers have 
found have been dentaries (Harington 1977). Thus comments on 
the dispersal history of red-backed vales are highly speculative. 
From the fossil evidence, then, it is apparent that Cleth- 
rionomys originated in Eurcpe, probably in late Pliocene time, 
i.e. more Phat two-million years ago (Harington 1977). If 
the ancestral form of the genus had an acrocentric male sex 
chromosome it may first have differentiated into a large C. 
rufocanus-like form and a smaller form assumed to be C. 


glareolus-like, in that most early fossils-originate 


from) parts,of Eurasia that fall within the present—day 

range of that species. While this form was probably wide- 
spread in the temperate forests of Eurasia 500,000 years 
ago, the northerly C. rutilus-type was not evident until 
175,000 years BP, that, 1s); at the beginning of the Illinoian 
glaciation. This suggests that the latter form diverged 


from the former, and then spread to North America by 100,000 
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years BP. Since C. gapperi-type remains are also known 
from Illinoian deposits in midwestern U.S.A., Clethrionomys 
had Baan sit) reached North America during or prion torthe 
HidinoLaneglaciation. “InusMitewis possible that Cyerutilus 
and C. gapperi diverged from ancestral stock during early 
TER inig ean time, then became separated by the Illinoian 
glacial period, which lasted from about 175,000 to 100,000 
years BP (Hopkins 1967). Contact between these isolates 
may have been established during the Sangamon interglacial, 
which lasted from approximately 100,000 to 50,000 years BP, 
and then again between the Wisconsin glacial maxima around 
30,000 years BP, when an ice-free corridor was briefly re- 
established. It is impossible to say whether or not a 
Significant amount of overlap and genic introgression 
occurred during these periods of contact, but it seems 
likely that by the beginning of the Wisconsin glacial, 
there were already two reasonably well-defined species. 
Grant (1974), while acknowledging that his figure was 
conservative, suggested a period of only 10,000 years for 
Separation, Of C. Gapperi andeCisglareotus. But, ii ache close— 
ly related subspecies of C. rutilus on St. Lawrence Island 
and mainland Alaska have been separated for at least 25000 
years, as Rausch and Rausch (1975) claim on the basis of 
sea-level history in Beringia (Hopkins 1973), a consider— 


ably longer period of separation is more likely. Thus, ten- 
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tative dates for separation between C. gapperi, C. glare- 
olus: and C. rutilus?range: from '30,,000ete" 2007000 “years. 
Perhaps even these figures are too conservative, since 
Nadler étral (19/76), in postulating the existence’ ofea 
trans-Beringian forest-dwelling C. gapperi/glareolus an- 
censtral form, envisaged a holarctic distribution of 
Clethrionomys Peet 600,000 years ago, from which C. ruti- 
lus was subsequently derived. 

low do these estimates of the length of isolation com- 
pare wth those calculated for other species of Clethrion- 
omys? The situation concerning the British subspecies of 
Cw glareolus is quite fully documented because of the 
rather complete knowledge of the recent glacial history of 
Britain and/its satellite islands. On this basis, Steven 


(1953) suggested a period of separation of 7,000 to 9,000 


years for offshore island and main island subspecies; Camer- 
on (1965) agreed with this assessment, but Corbet (1961) was 
of the opinion that subspecies on offshore islands arose from 
individuals introduced by man as recently as 2,000 years ago 
from the main island. Corbet considered that the large dif- 
ference in morphological characters (Steven 1953) and repro- 
ductive strategy (Jewell 1966) of subspecies on small islands 
recsculted from the founder effect) soince Ca Gapoerl sand. C. 
rutilus are both mainland forms, however, their situation 


is not totally comparable with the above. 
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TEs alscuinkeresting to note that: Gy q- pritannicus 
from Britain and C. g. glareolus from the European main- 
land have been distinguished on the basis i a few trivial 
characters (Hinton 1926) and most likely do not even 
warrant subspecific status (Corbet 1964), even though they 
Tae been separated for as long as the subspecies on off- 
shore islands have been separated from Britain proper. The 
production of hybrids from these two forms of C. glareolus 
in the laboratory (Rauschert 1963), therefore, is not 
SUnpiELoInd. 

A number of attempts have been made to cross—-breed 
other Species and subspecies of Clethrionomys.s As noted 
earlier, Steven (1953) and Godfrey (1958) demonstrated 
ChateallerivesBritish subspecies of Cc 7 glareolus were 
interfertile in the laboratory, and that all the hybrids 
were also fertile. Spannhof (1960) and Zimmermann (1965) 
successfully cross-bred C. glareolus xX Gey fethe MUS y wml: Bleyolelete: 
the male hybrids were found to be sterile. Sterility was 
also foungawieciemalesnybrias One. sol arcOlus ex. racer 
produced. in captivity (Zimmerman 1965 ). Zimmer- 
mann (ibid. ) also attempted crossings between C. gapperi X 
Om Glareolus and Crgapperis~ @ rutilus, but failed to ob- 
tain any progeny. Grant (1974) found that cross-specific 
breeding was as frequent as species-true breeding between 


the North American vole, C. gapperi, and the European vole, 
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C. glareolus. Litter sizes were not significantly differ- 
ent, Survivorship of hybrids was no less than that for 
Species-true C. gapperi litters; however, attempts to pro- 
duce F2 progeny failed. Thus these species, while separ- 
ated by thousands of miles today, appear to exhibit a lower 
level of reproductive isolation, than that found between 

CG. dapperi and oe PutilUs.. My sownia teempts fat Cross=bresd— 
ing between C. gapperi and C. rutilus resulted in but a 
Single litter. All resultant offspring appeared to be 
abnormally aggressive; Godfrey (1958) observed similar 
aggressiveness in hybrids of C. glareolus subspecies. Sin- 
ce high levels of aggression affect breeding success (Lager- 
spetz 1969) and longevity (Christian 1971) in voles, one 


may infer reduced fitness, and therefore selection against, 


hybridization in Clethrionomys. However, prolonged exposure 
of the two populations at the Kakisa River to a certain amount 
of genetic introgression is no reason for assuming that spe- 
Ciiicucehini tion lis.being lost. 

While Clethrionomys species have been shown to pos- 
sess the same diploid number of chromosomes (56), two 
karyotypic groups have been distinguished by the form of 
the male sex chromosome (Rausch and Rausch 1975). The 
form ee the male sex ‘chromosome isgacrocen triclin 


C. rufocanus, C. occidentalis and C. gapperi, and meta- 


centric in C. glareolus and C, rutilus. . Thus.the Asian 
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Cc. rutilus mikado and North American C. r. dawsoni and C. 
r. albiventer appeared to have indistinguishable karyo- 
types, whereas the form of the Y-chromosome differentiated 
between C. rutilus and €. gapperi in North America. 

A more variable number of chromosomes has been noted © 
in different species of Microtus. In the European M. 
agrestis and North American M. pennsylvanicus, which are 
thought to have experienced the same length of isolation 
as C. glareolus and C. gapperi, the same chromosome number 
of 52 has been found (Matthey 1956), although some differ— 
ences were noted in the heterosomes. M. oeconomus, on the 
other hand, was found to have 58-60 chromosomes (Matthey 
ibid.), which would permit reproductive isolation from 
Me>*pennsylvanicus in “North Americal Isolation ypusi£urther 
enhanced, in spite of the considerable overlap of ranges 
(Youngman 1975), by different habits of the two species 
Geameron 91952:)2 

On the basis of data from breeding trials, Grant (1974) 
considered C. glareolus and C. gapperi to be semispecies, 
in*the terms of Mayr (1963); that °is, they exhibit isome of 
the characteristics of separate species and some of the 
characteristics of subspecies. Some workers consider C. 
gapperi and C. rutilus to be conspecific (Bee and Hall 
1956, Motngmian 197-54. “ORF th Hals be*ol the dvarlabie 


evidence for reproductive isolation and the definite evi- 
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dence for ‘differences in the levels of “activity of the 
two species, I do not believe that such a conclusion ‘ 
is warranted. 

Other isolating mechanisms between the two species 
do not seem, on the face of it, to be well developed. 
For example, I was able to demonstrate no differences in 
the general repertoire of behavioral characters between 
the two species. This is consistent with the findings 
of Johst (1967) who noted stereotypic patterns of aggres- 
Sive behavior in several species of Clethrionomys. How- 
ever, species recognition may involve more subtle nuances 
of behavior, in which olfactory communication may be im- 
portant; given the choice, voles tend to select mates 
from their own kind rather than from another species 
(Rauschert 1963) or race (Godfrey 1958). A similar situ- 
ation appears to be prevalent in two closely related 
Species of Peromyscus which, although able to cross~-breed 
in the laboratory, seem to avoid crossing in the wild 
(M6dre 965) iewas certainly able to demonstractewan alter— 
ation in levels of activity between interspecific and 
intraspeeitie ‘tmials, which” indicated thal” Species, recog— 
nition was occurring, and mutual avoidance, a low-intensity 


form of competitive exclusion, was achieved. 
Potential isolating mechanisms may also involve struc- 


ture and function. Latitudinal variation of these attributes 


may be expected within and between species. An example of 
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physiological variation in C. gqapperi is evident in differ— 
ing litter sizes, where southern Alberta populations have 
fewer young per litter (Skirrow 1969) than northern popu- 
Lattons i thissscudy). A similar pattemn or Jati tudinal 
variation in litter sizes was evident for C. rutilus popu- 
lations from the Mackenzie Delta (Martell 1975) as com— 
pared to populations from the southern boundary of its 
range (this study). On the other hand, my data indicate 

no difference in litter size of the two species at the 
common .boundary of their ranges, which suggests convergence 
under the influence of similar environmental constraints. 
Variation in external and cranial characters of these 
Species also exhibits clinal patterns (Bee and Hall 1956). 

A similar clinal change in morphological characters has 
been observed in subspecies of C. glareolus from France 

to. northern Britain, (Corbet 1964). Although proportions 

of the different transferrins and albumins appeared to 
remain distinct within each species, biochemical conver- 
gence of &-globulins was demonstrated in C. gapperi and 

C. rutilus (Canham and Cameron 1972). 

Thus it appears that morphological and physiological 
specializations do not noticeably contribute towards iso- 
lation me the two species. Morphological convergence 
does not necessarily require genetic convergence, of course. 


Morphological convergence accompanied by genetic divergence 
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has been documented in two species of prairie dogs, 
Cynomys gunnisoni and C. leucurus (Pizzimenti 1976a,1976b) 
whose ranges have come into contact relatively recently. 
Although hybridization was originally suspected, it was 
not demonstrated (Pizzimenti ipiaes Genetic divergence 
has also been demonstrated in pocket gophers (Geomys spp.) 
presumably as a result of isolation of disjunct populations 
prior to the Wisconsin glacial period (Penney and Zimmer- 
mann 1976), in much the same way as probably occurred in 
ee Ja poeta ent oen stile Ciece Lo Om ledcont CO 
assume that the genetic attributes Ob Coe damper ana c. 
rutilus are necessarily similar in all respects at their 
common border simply because they appear to have converged 
morphologically. 

In the preceding pages, I have attempted to outline 
some aspects of the speciation process in Clethrionomys and, 
more particularly, to assess the present status of C. gap- 
peri and C. rutilus. Until relatively recently, the study 
of parapatry and evolutionary processes at Species' borders 
Nas been wlangely ignored, Or The CCCUrLeNCe Of such solen— 
omena merely regarded as anomalous events. Raven (1976), in 
an excellent review of the present status of systematics at 
the population level, maintained that the attention of most 


biologists has all too frequently focused on the study of 
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discrete units in nature, and the assigning of names to 
them, in the process of which much useful information on 
evolutionary, genetic, or ecological principles that govern 
population dynamics may have been lost. Furthermore, the 
nature of species is so variable’ that their use in*various 
kinds of models in population biology may not always be 
justified. 

To be sure, it is a natural tendency for investigators 
to play safe and seek out predictable situations in well- 
defined species. The problems of indistinctness at species 
borders, complexity of gene flow between two supposedly 


isolated populations and how to detect hybrids in border 


zones combine to frustrate the researchers' attempts at 
"pigeon-holing". Yet it is in these very zones where the 
blurring of specific identity is taking place that research 
should be directed if the processes involved in speciation 
arestoGberélucidatédypelhis "the situation “er parapatry in 
species, while restricted in time and space compared to the 
status of single species, is not so much an anomaly but 
rather a normal adaptive function of populations. 

Having acknowledged the inherent difficulty of working 
in ‘such parapatric situations, then, how do I perceive these 
species of Clethrionomys as having arrived at their present 
Situation? ‘Considering “the ‘five “Species 'C S*gappern, *Cr*ruti- 
ister glareolus (ye; rufocanus and’-C.’ occidentalis, there 


are four general models that could explain their speciation 
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history. The first model is that all five species diverged 
at the same point in time from an ancestral type and became 
progressively tsolated; "this ts "unlikely "on the basis OL 
present—cay geographic distributions and the differing de— 
grees of isolation suggested by their karyotypic patterns. 

The second model is that C. rutilus diverged from the 
ancestral form in Eurasia; the ancestral form then spread 
and invaded North America, became separated from the Eur- 
asian group and the two Hassel Spleeiaeiren vel diverged to form 
Cragapperi and C..-occidentalis “in=North America, and C. 
Gilareomismana Co] pufocanus if Bunasia. “During a water 
period, when the Bering land bridge was open once more C. 
rutilus, which had meanwhile been limited to northern Eur- 
asia, invaded North America and has since established con- 
tact with C.’ gapperi. The relative ease with which cross- 
breeding has been achieved between C. gapperi and C. glare- 
olus (Grant 1974) supports such a model, but the chromosomal 
affinities in these species and the need for two major waves 
of invasion from Eurasia make it less credible. 

The=third modelmussthats the ancestral form, a C._glare— 
olus-type that arose in Eurasia, diverged into C. glareolus 
anewe, rutilus.o. Themlatter Spread to” North America, during 
the Illinoian, or possibly an earlier glacial period, and 
became isolated from Eurasian stock which Separated into C. 
glareolus and C. rufocanus. Meanwhile, the C. rutilus-form 


in North America was separated into three geographically 
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isolated populations during the next glacial period(s), 
evolving. into: C..eceidentakis,.¢; .gapperi,and.C..rutilus, 
and have since expanded to their present positions. This 
scheme fits well with present-day distributional patterns, 
requiring only one major invasion of North America by an 
earlier form, and ascribing the origin of the genus to a C. 
gGlareolus-type, which paleontological evidence tends to 
Support. Also, taxonomists have been more willing to lump 
Co-gapperi and C. rutilus:together as»conspécifics than C. 
gGlareolus and jc. rutilus or C, gapperi, jwhich could be taken 
to indicate their close relations. The scheme does not fit 
well with the karyotypic data, however, in that C. rufocanus, 
possessing an acrocentric Y-chromosome, diverged from the 
metacentric C. glareolus; likewise, the acrocentrically- 
endowed C. occidentalis and C. gapperi are supposed to have 
diverged from the metacentric C. rutilus. .The occurrence 

of two identical mutations among these species in two sep- 
arate continents seems rather unlikely. 

The final model, depicted below, is that representatives 
of the ancestral C. glareolus-type Spread to North America 
where they became geographically isolated and gradually di- 
verged to form C. gapperi. The Eurasian group then developed 
a metacentric Y-chromosome before diverging to form C. glar- 
eolus, a forest-dwelling species, and C. rutilus, a predom- 
inantly tundra-dwelling species. Meanwhile, the ranges of 


the North American form may have been subdivided during a 
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subsequent advance of the ice, which led to the development 
of C. gapperi and C. occidentalis as separate species. Fin- 
ally, C. rutilus may have invaded North America as late as 
the Wisconsin advance. The chromosomal affinities of C. 
glareolus and C. rutilus as against C. gapperi and C. occi- 
dentalis (Rausch and Rausch 1975) tend to support this model, 


although it requires two invasions of North America. 
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Weighing the last two ieversalks against each other, there 
are two negative factors, the need for two separate mutations 
or the need for two invasions of North America. The two 
invasions are, in my opinion, the more likely Since the 
Bering -land bridge has been formed and severed numerous times, 
and successive waves of other mammals are known to have in- 
vaded North America at differernt*times-:” Finally, since’C: 


rufocanus is a much larger form than all the other species, 
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it would seem reasonable that this species would have di- 
verged, early on, from the.ancestral form. .Thus the fourth 
model appears to be the most acceptable, allowing for the 
present state of knowledge of these species. 

In summary, my data indicate that while C. gapperi and 
Cc. rutilus may resemble each other and other species morpho- 
logically, they are still readily distinguishable at the 
Kakisa River. They have similar behavior patterns and appear 
to distinguish between members of their own and other species, 
and, on the basis of differing levels of activity, exhibit a 
certain degree of segregational behavior. Reproductive iso- 
lation 2ppears to be reasonably well developed, and even 
though there is evidence of a certain degree of introgres- 
Sive hybridization, the hybrid zone is probably narrow 
enough and the rate of gene exchange too low to bring about 
population fusion. Nevertheless, serum proteins display a 
Clinal variation which could indicate a greater amount of 
gene exchange. Measurement of the degree of introgression 
at this common boundary would be a worthwhile further study. 
A comparative study of the metabolism and physiology of 
these species would also be of interest, including repro- 
ductive aspects such as mate selection, copulatory techniques 
and fertilization/litter-raising success, in an effort to 
determine how well (or poorly) segregated they are. Fin- 
ally, what is happening at other parts of the immense common 


boundary assumed to exist for these species, from northern 
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British Columbia to Hudson Bay? “Only by taking on the study 
of such aggravatingly indistinct margins of what have been 
fondly regarded as discrete species can biologists hope to 


uncover the processes that govern speciation in nature. 
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CONCLUSIONS 


(1) The Kakisa River forms a mutual boundary for C. gapperi 
and C. rutilus, yet the river itself does not constitute 
a barrier to the movement of voles but serves, rather, as . 


al ftilters 


(2) Individuals of each species were found within the popu- 
lation of the other species, “indicating! that) traversing of 
the river had occurred, albeit at a relatively low level. 
There was insufficient evidence to indicate whether the 
majority of crossings was accomplished during the winter, 

On at any other time of the year. Since the population on 
each side of the Kakisa River contained approximately 3% of 
individuals from the other species, there appears to be no 


difference in the rate of migration of either species across 


ehemmLVveres 


(3) Reproductive isolation is reasonably well developed. 
While copulatory behavior suggested a lack of species dis- 
crimination on the part of individual voles, it could be 
that when presented with a choice, voles would tend to 
mate with their own kind. Hybridization in these species 
is possible, albeit at a very low frequency. The highly 
aggressive nature of the members of the one hybrid litter 


suggests that hybridization reduced individual fitness and 
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SO would be selected against in natural populations. It 
is possible that sufficient genetic divergence has occurred 
to preclude hybridization and population fusion. Only 5%, 
or less, of these populations appeared to be composed of 
hybrids. 
(4) C. gapperi individuals were iene varese ee more active 
in eles pen Situation Chan ,G. rutiluss tn. ternmswolidictance 
moved and length of time active. Evidence for such differ- 
ences in distance moved in the wild populations on the live- 
trap plots, however, was inconclusive: hence the results 
of the pen experiments may reflect a differential response 
by each species to the experimental situation. 
(5) Behavior patterns for both species are noticeably 
stereotyped, such that no significant differences in qual- 
itative aspects of behavior could be detected between the 
species. Quantitatively, however, activity of C. gapperi 
was considerably reduced by the presence of C. rutilus, 
while the presence of C. gapperi did not appreciably affect 
Sieteuiiaieiy ose (@. sebiopilabhey,  csph diets: C. gapperi is the more aggres- 
sive of the two species, reduced activity on its part would 
result in fewer encounters, hence reduce the frequency of 
aggressive interactions. While there was a general trend 
for C. rutilus to be dominant over C. gapperi in trials 
where dominance was assignable, over half the trials re- 
sulted in no dominance. Aggressiveness of C. gapperi to- 


wards C. rutilus was also of the same intensity as that 
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exhibited by C. rutilus towards C. gapperi. 


(6) While C. gapperi and C. rutilus exhibit a’ high degree 

of morphological and physiological eer alge. ode alte) 
region, Species integrity has nevertheless been maintained. 
Ecological requirements of each species are so similar, 
eee that in sympatry there would be a high degree of 
competition, Since neither species seems to have a competi- 
tive advantage over the other, the expansion of either 
Species into the range of the other is obviated. Thus 
mutual exclusion appears to be responsible for the mainten- 
ance ofispanapatny,in .C..,.dappenin andy Cjprnutisuseab, the 


Kakisa River. 
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Appendix J... Details of voles captured during. the’ course of 
the study and their identification on the basis of pelage 
eolorarionn( P)y condition of the™=post-pallatal= bridges (8); 
and the length/width ratio of the nasal foramen (F). Mi- 
gration rates for the transferrins relative to the albumins 
(after Canham and Cameron 1972) are provided for those ani- 
mals for which serum data are available. All animals were 
trapped at the Kakisa River, except those marked (**), which 
were trapped at Fort Providence or Heart Lake. Individuals 
marked (*) were representatives of one species which were 
trapped within the range of the other species. A summary of 
the species identification characters is presented in the 
final column, where affirmative species characters are indi- 
GCateduby capitals (PP; F,.2), Contrary characters py small 
letters (p, f£, b) and intermediate characters by both (P/p, 
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NASAL PALATAL TRANSFERRIN 
SPECIES NO. SEX PELAGE FORAMEN BRIDGE MIGRATION 
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TFL TF2 
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CG ly F Brown BaSy/ Fused 53} 3) 4/ P£/B 
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CG B22) F w - - ~ - Pp 
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DISTANCE es DISCRIM- INDEX 
IN MINUTES ENCOUNTERS INANT OF 
VOLE No. METRES ACTIVE D/M WIN LOSE NEUTRAL FUNCTION AGGRESSION 
440 x 441 421 87 4.84 i 7 3 TY) 0.4 
x 446 ie eel 6 a7 0.4 
441 x 440 329 109 Bro 7 ah 3 3.51 6.8 
x 446 8 5 8 Bea 9.1 
446 x 440 560 168 Shei Teh i 6 4.29 9.9 
x 441 5 8 8 3.38 6.5 
18x 23 399 116 3.44 2 6 10 DBT 3.4 
se 4 0 5 2.76 2.5 
23 x 18 1185 205 5.78 2 10 2A: a3 
x 24 6 3 12 2.43 250 
DS se US) 1107 218 5.08 0 4 5 1.83 0 
s. OS 3 6 LD 2.09 AO) 
HL2 x HL3 958 iyi 5.60 oy ean 9 1.97 0.4 
x HL14 15 8 2.09 TO 
HL3 x HL2 923 174 5s Oa 0 9 6.78 32.9 
x HL14 32 2 5 6.61 25.8 
HL14 x HL2 1603 212 Gos 1s 3 8 3.19 5.3 
x HL3 2 32 5 2.16 1.4 
Sh se 32 819 166 wAn98 0 6 Tal 1.97 0.4 
se 8s oy hy 5 1.93 0.3 
22 se Sith . 546 132 4.14 6 ) ia 2 Oil 0.6 
SCuSS 3 16 9 Dole ONT 
28x sl 1431 203 7.05 7 O- 5 5.19 15.5 
se 3 16 3 9 5.67 Li.) 
RS se Dy 1253 210 5.97 5 1 16 3.44 5.7 
se ig 1 9 19 2.68 2.9 
oii we 801 167 4.80 al 5 16 Dat 19 
se AS ) il 16 2 Aa Tae 
43 x 26 1256 188 6.68 9 2 19 Areal 8.4 
se RY a 0 16 Dey 3.5 
Dap oe SL 1370 232 5.91 6 6 BD, 2.04 0.7 
x 53 3 22 BDH] Thal 
Gil se 7) 2454 287 8.55 6 6 22 3.08 
RS 15 2 21 4.43 10.5 
53 x ) 47 1582 263 6.02 3 3 DD 2.52 2.9 
Si DB WS Pail 2.48 Bod 


Distance moved, length of time active, distance/time ratio and analysis 
of encounters per eight-hour observation period for C. gapperi species- 
true triplets (MALES), including @iscriminant functions and index of 


aggression derived from approach, attack, chase and scent-matk data. 
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DISTANCE ie DISCRIM- INDEX 
IN MINUTES ENCOUNTERS INANT OF 
VOLE No. METRES ACTIVE D/M WIN LOSE NEUTRAL FUNCTION AGGRESSION 
426 x 445 361 97 Sag 2 0 3 0 1,97 0.4 
x 457 0 4 0 1.89 0.1 
445 x 426 332 86 3.86 3 0 0 2.36 1.5 
x 457 0 8 0 1.93 O23 
457 x 426 179 51 3051 4 0 0 2.70 2.6 
x 445 8 0 0 3.47 5.2 
468 x 474 214 78 a 74 0 4 2 2.09 1.0 
x 475 1 0 5 1.93 0.3 
474 x 468 128 69 1.86 4 0 2 2.06 0.9 
x 475 2 0 1 To7 0.4 
475 x 468 370 98 2. 78 0 1 i 1.89 0.1 
x 474 0 2 1 yaaa 0.6 
P1kx OPA 186 67 2078 0 0 0 ite3 0 
x 20 1 0 2 1.97 0.4 
14x 12 97 25 3.88 re) 0 0 1.83 0 
x 20 0 0 0 1.83 0 
d0%x Cit 175 TD 2.43 0 a 2993 0.3 
x 14 0 0 0 1.83 0 
71x 85 164 76 hie 0 0 0 1.83 0 
x 87 0 1 1 1.93 0.3 
0 1.83 0 
0 1.83 0 
1 2.00 0.4 
0 2.00 0.4 
4 1.97 0.4 
i 1.89 6.1 
4 b023 1.0 
a 3493 0.3 
1.93 0.3 
1 1.83 a) 
2 1.89 0.1 
0 P383 0 
2 £93 6.3 
0 1.83 0 
0 1.89 6.2 
0 1.89 6.1 


Distance moved, length of time active, distance/time ratio and analysis 
of encounters per eight-hour observation period for C. Uentillms species— 
true triplets (MALES), including discriminant functions and index of 


aggression derived from approach, attack, chase and scent-mark data. 
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DISTANCE DISCRIM-— INDEX 


IN MINUTES Ne ERS INANT OF 

VOLE No. METRES ACTIVE D/M WIN LOSE NEUTRAL FUNCTION AGGRESSION 
G448 x G450 | 1008 153 6.59 18 st 7 5.56 16,2 
x R462 i oll 5 3.26 4.5 
G450 x G448 609 140 4.35 1 18 7 2.44 SS 
x R462 0 9 1 1.89 0.1 
R462 x G448 | 409 97 4/22 711 1 5 2373 2.7 
x G450 9 0 1 2.67 Bs7 

ee 
G451 x G452 | 687 173 37997 Os 2 7. S737 5.2 
x R458 2 7 if 2763 22 
G452 x G461 299 68 4.40 2 8 1 2327 L.2 
*x R458 0 0 z 1.89 C1 
R458 x G451 | 355 123 2889 07 2 2.67 2.8 
x G452 | 0 1 i383 0 

| 

a Ey Sy Pa ne = ei ee = ee aaa 
G34 x G36 | 1457 214 ped SHE Sek getlg 2 211. 7.2 
x R44 | i) ©) 5 2.18 1.6 
G36 x G34 | 467 106 4241, “211 4 2 4.73 aye 

x 5 e) O 


Corre cse | 434 136 3.19 


4 3 5 2.06 0.9 
() 6 (0) Tee My 0.4 
1.90 3 4 5 2570 ie 
@) fe) (0) 1.83 ) 
Ps Gye 6 O ) Daye} he 
() () (@) 1.83 ) 
3.26 2 () 4 Deore 22 
() 4 2 tleeyy) 0.4 
2.28 (@) 2 4 D{OY6) 0.4 
) 5 3 2.34 ths 3} 
23): 4 () oS 0.3 
5 ) 3 Be Ta 226 
4,89 ) () 1 1.83 (e) 
) Wy 4 2.33 aS, 
1.03 (0) ) el: 1.89 0.1 
) 4 ah LES 0.4 
3.86 gi @) 4 5.09 as) 
4 (@) ak 2.40 1.4 


Distance moved, length of time active, distance/time ratio and analysis 
of encounters per eight-hour observation period for 2 C. gapperi x 1 C. 
rutilus triplets (MALES), including discriminant functions and index of 


aggression derived from a proach, attack, chase and scent-mark data. 
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Distance moved, length of time active, distance/time ratio and analysis 
of encoungers per eight-hour observation period for 1 C. gapperi x 2 C. 
rutilus triplets (MALES), including discriminant functions and index of 


aggression derived from approach, attack, chase and scent-mark data. 
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Distance moved, length of time active, distance/time ratio and analysis 
of encounters per eight-hour observation period for C. gapperi species- 


true triplets (FEMALES). 
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Distance moved, length of time active, distance/time ratio and analysis 
of encounters per eight-hour observation period for C. rutilus species- 


true triplets (FEMALES). 
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